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EXECU MMARY

The Record of Decision (ROD) for the Combe Fill South Landfill site

identified the following areas to be encompassed within the remedial design:

1.

An active collection and treatment system for methane and any other
landfill generated gases;

Expanded environmental monitoring of water, air, and leachzite;

A multi-layered cap that covers the landfilled areas and extends under
the utility company right-of way;

Pumping and on-site treatment of shallow ground water with discharge
to Trout Brook; |
Surface- water controls to accommodate runoff from both normal
precipitation and severe storms;

Security fencing, an access road, and general site preparation.

O’Brien & Gere was retained by the New J ersey Department of Environmen-

tal Protection (NJDEP) to develop the Remedial Design of the Combe Fill South

Landfill. This report presents the criteria, analyses and resulting design prepared to

address the requiremer.xts. of the ROD.

An analysis of landfill gas generation rates and landfill gas composition was

conducted. As a result of this analysis, an active gas collection system consiSting of

66 wells connected by piping to exhausters has been designed. Treatment of the

extracted gas is accomplished by burning utilizing an enclosed flare.



Expanded environmexital monitoring to insure the post construction
effectiveness of the shallow ground water pumping and treatment system is presented
in this report.

Analyses of the performance of ten multi-layered cap alternatives was
conducted. Each cap was evaluated based on its ability to meet pefformance
requirements contained in 40 CFR Part 264 and the New Jersey Administrative
Code. The selected cap consists, from the base to the surface, of a two foot thick
ﬁarrier layer, a one foot thick drainage layer in an envelope of filter fabric, an
eighteen inch thick vegetative layer, and a six inch thick layer of vegetated topsoil.
In areas of the site having slopes of less than ten percent, a low density polyethylene
LDPE liner has been incorporated above the soil barrier layer. In these areas, filter
fabric co?ers only the upper surface of the drainage layer. |

Studigs of site hydrogeologic conditions resulted in the design bf an active
shallow ground water collection system consisting of 19 shallow ground water
recovery wells installed along the site perimeter. The shallow ground water recovery
wells will discharge to an on-site treatment plant. Treatability studies of the shallow
ground water were conducted .to determine required treatment processes. The
characteristics of landfill gas condensate were also considered m the design of the
on-site treatment plant. As a result of these studies and considerations, the selected
treatment processes include flow equalization, metals removal, biologic treatment,
filtration, and carbon adsorption. The treatment plant outfall is to a wetland area
forming the headwaters of the east branch of Trout Brook.

Surface water controls consisting of side slope diversion ditches and drainage
ditches on the landfill cap, a perimeter drainage ditch, detention basins, and culverts
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were designed based on an analysis of pre and post construction conditions subjected
to appropriate Storm events.

A main, paved access road and a gravel perimeter road have been designed
to provide access to the site. The remedial design also requires security fencing to

be installed around the site following closure.
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SECTION 1 - INTRODUCTION

1.01 Background

The Combe Fill South Landfill in Chester and Washington Townships, Morris
County, New Jersey, accepted municipal and industrial wastes frgm the 1940s through
1981, This inactive landfill consists.of three separate disposal areas covering about
;ixty-five acres. Approximately five million cubic yards of waste material are buried
within the Combe Fill South Landfill. The majority of the waste includes typical
household waste and non-hazardous industrial waste. However, the presence of
volatile organic compounds has been>identified within both the shallow and deep
aquifer, at the site. Additionally, contamination has been detected within nearby
potable residential wells. |

The Combe Fill South Landfill site was listed on the National Priority Lists
in September 1983. Subséquenﬂy, a Remedial Investigation/Feasibility Study was
conducted from 1984 through 1985 under the lead of the New Jersey Department of
Environmental Protection (NJDEP). The Record of Decision (ROD) for this site
has identified the following areas to be encompassed within the Remedial Design:

1. An active collgction and treatment system for methane and any other

landfill generated gases.
2. Expanded environmental monitoring of water, air, soils and leachate.
3. A multi-layered cap that covers the landfilled areas and extends under
the utility company right-of-way.
4. Pumping and on-site treatment of shallow ground water with discharge

to Trout Brook.



5. Surface water controls to accommodate runoff from both normal
precipitation and severe storms. |

6. Security fencing, an access road and general site preparation.

O’Brien & Gere was retained by the NJDEP to develop the Remedial Design

of the Combe Fill South Landfill.

1.02 Authorization and Scope

In July} of 1987, the <NJDEP authorized O’Brien & Gere Engineers, Inc. to
perform the work necessary to complete the Remedial Design of the Combe Fill
South Landfill, as mandated within the ROD. The work is to be conducted in
accordance with the Scope of Services outlined within O’Brien & Gere’s proposal to

the NJDEP dated July 1987.

1-2



SECTION 2 - COVER SYSTEM

2.01 General

The Record of Decision for the Combe Fill South Landfill mandated that the
remedial design include, among others:
- Capping of the 65-acre landfill in accordance with Resource Conserva-
tion and Recovery Act (RCRA) requirements.
- Surface water éontrols to accommodate seasonal precipitation and
storm runoff.
- Security fencing to restrict site access.
This section of the report discusses these components of the remedial design
including the fill delineation, cap system, and the grading pian. Surface ‘water

controls, site access and site security are also discussed.

2,02 Fill Delineation

The Fill Delineation program was conducted in accordance‘with the Field
Sampling and Testing Plan for the Combe Fill South Landfill. Results of the
geophysical survey and aerial photographs were used to select fest pit locations to
determine the edge of fill.

A total of twenty-nine (29) test pits were excavated during December 1988,
located as shown in Appendix 2-1. The test pits were excavated using a rubber tire
backhoe using a trenching method. The excavations ranged in size from 45 to 60 feet

in length with an average depth of six feet and were backfilled immediately following
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excavation. Test pit logs and photographs for each excavation are included in
Appendix 2-1.

| The edge of fill was staked at each test pit location and located using field
instrument survey techniques. The location of the edge of fill was developed'based
on information obtained from the geophysical survey, test pit excavation, aerial
photographs, and site topography.

Subsequent to the performance of the fill delineation program and the
preparation of the preliminary design, the NJDEP raised concerns that additional
areas of fill outside the limits determined by the fill delineation program might be
encountered during construction. In order to address these concerns, the design
drawings identify areas in which the construction contractor will be required to install
test pits prior to refuse regrading. If refuse is encountered in these areas, the refuse
will be excavated and placed under the limits of the landfill cover. Methods of test
pit excavation are discussed in the technical specifications.

2.03 Cap System

As previously discussed, the ROD requires that the landfill be capped in
accordance with RCRA requirements. Federal hazardous waste landfill regulations
under RCRA are contained in 40 CFR Part 264. The regulatidns listed in 40 CFR
264.310 require that a final cover system be designed and constructed to:

- minimize migration of liquids through the closed landfill;

- function with minimum maintenance;

- promote drainage and minimize erosion or abrasion of cover;

- accommodate settling or subsidence so that the integrity of the cover

is maintained; and



- have permeability less than or equal to any bottom liner or natural
subsoils present, and be repairable to correct settling, subsidence,
erosion, etc.

The United States Environmental Protection Agency (USEPA) has developed
technical guidelinesv for the design of final covers for hazardous waste landfills.
Recent technical guidance document§ state that in order to meet the Federal
Regulations, the final cover should consist of és a minimum:

- a 24 inch thick vegetated top layer

- a 12 inch thick drainage layer with a minimum hydraulic conductivity‘
of 1x 1072 cm/sec.

- ~alow pérmeability layer consisting of a 20 mil. synthetic liner overlying
two feet of recompacted soil with a permeability not greater than 1 x

10”7

cm/sec.

Alternate cap designs are permissible, provided that it can be demonstrated
that they satisfactorily perform the functions detailed in the regulations. It is noted
that previous technical guidance specified that the drainage layer have a minimum

3

hydraulic conductivity of 1x10™ em/sec.

The New Jersey Administrative Code (NJAC) Subchapter 11-Additional
Requirements for Hazardous Waste Facilities Operating Under Existing Facility
Stétus Sectionq7:26-11.4, require the following at final closure of the landfill.

| - Provide long-term minimization of migration of liquids through the
closed landfill;

- Function with minimum maintenance;

- Promote drainage and minimize erosion or abrasion of the cover;
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- Accommodate settling and subsidence so that the cover’s integrity is

maintained; and

- Have a permeability. less than or equal to the permeability of any

bottom liner system or natural subsoils present.

The preliminary design was developed based on the analyses of performance
and cap components of ten (10) proposed cap designs. Foundation and slope
stability analyses were performed to evaluate the stability of the landfill when graded
to the proposed final elevations. The following sections present the cap performance,
cap component, and stability analyses and the analyses of slope and foundation
stability. The results of a materials investigation conducted in accordance with the

cap system design are also summarized.

2.03.01 Analyses of Cap_Performance

The ten alternate cap desigrlls‘ are described below, with cap layers
listed from the surface downward. Figures 2-1 through 2-5 illustrate the
proposed cap designs.

A. - 6 inch topsoil layer

- 18 inch vegetative layer

- Geotextile filter

- 12 inch sand drainage layer

- Geotextile filter



- 30 mil synthetic liner underlying a 6 inch sand bedding
layer |

- 36 inch soil barrier layer

- Geotextile filter

- 6 inch sand bedding layer

B. - 6 inch topsoil layer

- 18 inch vegetative layer

- Geotextile filter

- 12 inch sand drainage layer

- Geotextile filter

- 30 mil synthetic liner underlying a 6 inch sand bedding
layer

- 20 mil synthetic liner underlying a 6 inch sand bedding
layer -

- 6 inch sand bedding layer

C. - 6 inch topsoil layer

- 18 inch embankment material layer

- Geotextile filter

- 12 inch sand drainage layer

- 30 mil synthetic liner

-24 incil soil barrier layer

- Geotextile filter

- 12 inch gravel gas venting layer
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D. - 6 inch topsoil layer
- 18 inch embankment material layer
- Geotextile filter
- 12 inch sand drainage layer
- Geotextile filter
- 24 inch soil barrier layer
- Geotextile filter
- 12 inch gravél gas venting layer
E. - 6 inch topsoil layer
- 18 inch vegetative layer
- Geotextile filter
- 12 inch sand drainage layer
- 30 mil synthetic liner
- 24 inch soil barrier layer
- Geotextile filter
F. - 6 inch topsoil layer
" - 18 inch vegetative layer
- Geotextile filter
- 12 inch sand drainage layer
- Geotextile filter
- 24 inch soil barrier layer
- Geotextile filter
G. - 6 inch topsoil layer

- 18 inch vegetative layer
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- Geotextile filter
- Synthetic dréinage net
- Geotextile filter
- 20 mil synthetic liner
- 24 inch soil barrier layer
- Geotéxtile filter
H. - 6 inch topsoil layer
- 18 inch vegetative layer
- Geotextile filter
- Synthetic drainage net
- Geotextile filter
- 24 inch soil barrier layer
- Geotextile filter
L -6 -inch topsoil layer
- 18 inch vegetative layer
- Geotextile filter
- 24 inch soil barrier layer
- Geotextile filter
J. - 6 inch topsoil layer
- 18 inch vegetative layer
- 30 mil synthetic liner overlying a 6 inch sand bedding layer
| Cap designs A and B meet requirements set forth by Section 7:26-10.8
'(h) and (i) of the New Jersey Administrative Code (NJAC). Cap designs C

and D represent the cap designs proposed by Lawler, Matusky, and Skelly
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Engineers as presented in the Final Conceptual Design Report for the Combe
Fill South dated June, 1987. Cap designs E and F meet RCRA guidelines.
It is noted that cap designs G #nd H are similar to designs E and F,
respectively, with the exception that a synthetic drainage net is used in lieu of

the sand drainage layer. Designs I and J represent alternate designs

minimizing the volume of the materials used to construct the cap.

Minimization of Liquid Migration

Integral to the development of a landfill cap design is vthe development
of a water budget. Through utilization of climatologic, soil and other design
data, the water balance evaluates the moverﬁent of water into, through, across
and out of the cap system. The magnitudes of the various components of the
water budget for the design alternatives were approximated using the
Environmental Protection Agency (EPA) approved Hydrologic Evaluation of
Landfill Performance Model (HELP-Version 2). The HELP model was
utilized as a screening tool to evaluate the performance of each cap design
with respect to minimization of liquid migration. Input parameters for this

model are discussed below.

Climatological Input
Rainfall

There are three methods of inputing rainfall data in HELP Version 2
including default, manual, and synthetic methods. The runs of HELP Version
2 used five-year daily default data sets (years 1975-1979) for Edison, New
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Jersey. Rainfall data for the 'Long Valley, New Jersey rain gauging station,
the closest station to the site which is located approximately five miles
northwest of the landfill, was obtained from the National Climatic Data
Center in Ashville, North Carolina. A review of the data indicated that the
ranges of precipitation for five- year periods was within the general range of
those presented for Edison, New Jersey, and therefore supported use of the

Edison defulat data.

Temperature and Solar Radiation

HELP Version 2 utilizes the WGEN model, a synthetic weather
generator developed by the Agriculture Research Service, to compute daily
values of temperature and solar radiation. The generated daily temperatures

and solar radiation values are a function of the rainfall for a given location.

Leaf Area Index (LAI)

HELP Version 2 requires a maximum leaf area index for the site
location to compute daily leaf indices by a vegetative grbwth model. The
program prompts for the maximum leaf area index by displaying typical values
for different levels of vegetative cover likely to be achieved with the levei of
managemént of the landfill. A value of 3.3 corresponding to good grass was
input for the maximum leaf area index. The program indicated that a leaf
area index of 5 corresponding to exéellent grass could not be supported unless

irrigated due to low rainfall and short growing season in the area.



Selected Type of Vegetative Cover

The vegetative cover system was modeled as good grass, based on the
leaf area index. The vegetative cover stabilizes the cap to promote run-off,
minimizes infiltration, and greatly diminishes soil erosion caused by surface
run-off. Additionally, the early establishment of a vegetative cover will
minimize soil losses through wind erosion and aid in dust control. Several
concerns are readily evident in selection of the cover vegetation. The selected
species must be adapted to the climate of the region, be relatively quick
growing, shallow rooted, able to grow year round, be self propogating, and
require a minimum amount of short and long-tei'm maintenance. The
vegetation should be hardy enough to withstand severe exposure periods and
should be able to withstand attack by indigenous diseases or insects. A seed
mixture consisting of Tall Fescue, Spreading Fescue, and Kentucky Bluegrass
is recommended as vegetative cover for the cap system. The séed mixture is

based on the "Standard for Permanent Vegetative Cover for Soil Stabilization"

of the document Standards for Soil Erosion and Sediment Control in New

Jersey.

Evaporative Zone Depth

A value of 8 inches was selected as being representative of the
evaporative zone depth for the vegetative cover. This root depth corresponds
to the evaporative zone depth for bare ground in HELP Version 2 and was
selected to represent the minimum amount of preéipitation to be removed

from the landfill cover by evapotranspiration. As a result, the volume of-
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water which may potentially percolate through the cap cover is maximized and

conservatively estimated.

Soil and Design Data Input

Initial Soil Water
The option of allowing the program to calculate the initial soil water

contents was used.

Layer Types
. HELP Version 2 uses four layer types including vertical percolation
layers, lateral drainage layers, barrier soil liners, and barrier soil liners with
flexible membrane liners. A vertical percolation layer is a layer of relatively
high permeability material without drainage collection systems which allows
vertical drainage only. A layer permitting lateral drainage to collection
systems or perimeter drains is classified as a lateral drainage layer. Both
vertical and lateral drainage are assumed to occur in a lateral drainage layer.
Barrier soil layers restrict vertical flow. The program recognizes two
types of barrier layers, those composed of soils alone, and those composed of
soil overlain by a geomembrane. When a geomembrane is used, the program
requires input of a membrane leakage fraction, which represents the fraction
of the area of the soil liner which drains from leaks in the flexible membrane
or what fraction of »the daily potential percolation through the barrier soil
liner is able to occur on a given day. HELP (Version 2) indicate; that values
of the membrane leakage fraction values may fange from 0.01 to 0.00001
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depending on liner material, bedding material, construction practice, and
Quality Assurance/Quality Control plan. A membrane leakage fraction of
0.00001 was assigned for the initial HELP model analyses based on informa-
tion presented in the EPA Document "Bottom Liner Performance in Double
Lined Landfills and Surface Impoundments". In this document, it is estimated
that a flexible membrane liner (FML) installed with good constructioﬁ quality
assurance would be expected to have not more than one to two defects per
acre. A standard defect.is considered to have an area of 1 cm2 (0.16 in2).
In an extreme event, up to ten defects may be present per acre. Based on the
assumption of ten défects per acfe, each with an area of 0.16 in2, the liner
leakage fraction is calculated to be 0.00000026. In order to be conservative,
a value of 0.00001 was utilized in the initial HELP model runs.

The topsoil layer was modeled as a 6 inch vertiéal percolation
uncompacted layer utilizing the default soil characteristics corresponding to
soil texture 5. Soil texture 5 is classified as a silty sand (SM) accordiﬁg to the
Unified Soil Classification System (USCS). Table 2-1 shows the default,
unvegetated, and uncompacted soil charactgristics for the HELP (Version 2)
model. The lower 18 inches of embankment material was modeled as a
compacted vertical pefcolation layer with soil texture 5 default data in the
initial HELP model analyses.

In all cases, the drainage layer was modeled as an uncompacted lateral
drainage layer. For cases where the drainage layer consisted of soil, the
default characteristics corresponding to soil texture 2 were used. Soil texture
2 is classified as a well graded sand (SW) according to the USCS. The
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TABLE 2-1

‘ HYDROGEOLOGIC EVALUATION OF LANDFILL PERFORMANCE (HELP - VERSION 2)

DEFAULT UNVEGETATED, UNCOMPACTED SOIL CHARACTERISTICS

SOIL TEXTURE FIELD WILTING . SAT. HYD.

------------------- POROSITY  CAPACITY POINT CONDUCTIVITY

HELP  USDA  USCS  (VOL/VOL) (VOL/VOL)  (VOL/VOL) (CM/SEC)

1 Cos GS 0.417 0.045 0.018 1.0E-02

2 s SW 0.437 0.062 0.024 5.8E-03

3 FS SM 0.457 0.083 0.033 3.1E-03

4 LS SM 0.437 0.105 0.047 1.7E-03

5 LFS SM 0.457 0.131 0.058 1.0E-03

6 SL SM 0.453 0.190 0.085 7.2E-04

7 FSL SM 0.473 0.222 0.104 5.2E-04

8 L ML 0.463 0.232 0.116 3.7E-04

9 Sil ML 0.501 0.284 0.135 1.9E-04

10 SCL SC 0.398 0.244 0.136 1.2E-04,

11 CL CL 0.464 0.310 0.187 6.4E-05

12 SiCL  CL 0.471 0.342 0.210 4.2E-05

13 SC CH 0.430 0.321 0.221 3.3E-05

14 SiC CH 0.479 0.371 0.251 2.5E-05

15 c CH 0.475 0.378 0.265 1.7E-05

‘ 16 Liner Soil  0.430 0.366 0.280 1.0E-07

17 Liner Soil  0.400 0.356 ©0.290 1.0E-08

18 Mun.  Waste 0.520 0.294 . 0.140 2.0E-04
19 USER SPECIFIED SOIL CHARACTERISTICS
20 USER SPECIFIED SOIL CHARACTERISTICS



hydraulic conductivity of the material was modified to reflect the minimum

3 cm/sec for the initial HELP model analyses.

required permeability of 1x 10°
This value was later modified to 1x10'2 cm/sec in accordance with the most
recent technical guidelines for the final HELP model analyses. Proposed cap
designs G and H utilized a drainage layer consisting of a geotextile filter and
a synthetic drainage net. The layer was modeled as a twelve inch thick lateral
drainage layer using default soil characteristics for soil texture 1. Soil texture
1 is classified as a sandy gravel (GS) according to USCS. The hydraulic
conductivity was changed to 42 cm/sec based on manufacturer’s technical
data. The changes were introduced to provide better representation of the
drainage layer as an artificially porous material rather than as a soil. The
geotextile filter was not incorporated in the HELP model analysés.

As previously discussed, the HELP model recognizes two types of
barrier layers, those \composed of soils alone, and those composed of soil
overlain by a geomembrane. In cases where the geomembrane is underlain
by a bedding layer, the bedding layer was assigned the default characteristics
of soil texture 5. In cases where the geomembrane is underlain by a soil
barrier layer, the barrier layer was assigned the default characteristics of soil
texture 16. The hydraulic conductivity of the soil is 1x10”7 cm/sec. As
previously noted, a membrane leakage fraction of 0.00001 was utilized for the

initial HELP model analyses.

Runoff Curve Number
Default runoff curve numbers were utilized.
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| Total Area of Cover

A value of 3,310,560 square feet (76 acres) was used to model the area
of the cover over the landfill for the initial analyses. This value was based on
information available during the initial stages of the preliminary deéign. In
addition, these analyses were performed assuming that the entire area was
graded at a three percent slope. This represents a conservative estimate as
portions of the landfill cap will be graded at steeper slopes which will likely

promote a greater percentage of runoff and drainage from the drainage layer.

2.03.02 Results of Initial Cap Performance Analyses

Detailed copies of the initial runs conducted for the Combe Fill South
Landfill are included as Appendix 2-2 of this report. Table 2-2 summarizes
the results of the initial analyses. Based on these results, it appeafs that cap
alternatives E, C, and G are mosf likely to ﬁﬁnimize the amount of percola-
tion into the waste l‘ayer. Cap Designs A and B gllow greater volumes of
precipitation to percolate into the waste layer. The greatest volumes of pre-
cipitation are estimated to 6ccur with cap designs J, H, I, D, and F. The
presence of a gas venting layer underlying the soil barriér layer appears to
have a minimal effect on the volume of precipitation entering the waste layer
as indicated by the results for cap design C, which incorporates a gas venting
layer, and cap design E, which does not include a gas venting layer. Similarly,
the difference in the amount of precipitation entering the waste layer for cap

designs D and F is minimal.
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TABLE 2-2
COMBE FILL SOUTH LANDFILL REMEDIATION PROGRAM
MORRIS COUNTY, NEW JERSEY

INITIAL HELP MODEL (VERSION 2) RESULTS

ALTERNATIVE PERCOLATION INTO WASTE LAYER
CAP DESIGN ' {gallons/year)
*A . 14,300
*8 3%

*C . 25
D . 6.034,500
*E \ 60
F ‘ 6.035,450
*G 8
H | 876,600
I 4,776,350
*J 57,800
NOTES:

1.) * indicates cap designs where a liner leakage fraction of 0.00001
was assigned.

2.) A1l analyses were performed for a total landfill cover area of 76 acres
graded at 3 per cent slopes. This represents a conservative estimate
as portions of the landfill cap will be graded at steeper slopes which
will promote a greater percentage of runcff and internal drainage.



2.03.03 Analyses of Cap Components

Cap Component Parameters

In the following sections, the parameters analyzed for each of the cap
components are discussed including transmissivity, filtration, sliding stability,
and settlement.

The document "Geosynthetic Design Guidance for Hazardous Waste
Landfill Cells and Surface Impoundments" by G.N. Richardson and R.M.
Koerner, prepared for the United States Environmental Protection Agency
(USEPA), was used as a guide for the analyses. Koerner’s book Designing

with Geosynthetics (1986) was also used as a reference.

Transmissivity

This section applies to cap designs where a geosynthetic miﬁerial is
utilized in lieu of granular material as part of the Surface Water Collec-
tion/Removal (SWCR) system. A geosynthetic system used to replace the
granular bedding layer on top of the Flexible Membrane Cover (FMC) must
provide sufficient planar flow capacity to prevent surface water from
accumulating and standing on the FMC. Recent Minimum Technology
guidance for covers indicates that geosynthetic materials utilized for the
drainage layer must exhibit performance equivalent to soil with a minimum

5 m2/ sec. Richardson and Koerner recom-

hydraulic transmissivity of 3 x 10°
mend a DR (ratio of geosynthetic transmissivity to required transmissivity) of
10. The transmissivity of a geosynthetic is influenced by the flow gradient, the

normal load on the system, and the long-term creep compressibility character-
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istics of the geosynthetic. For long-term transmissivity, Richardson and
Koerner recommend a DR of 5. It is noted that analysis of this parameter is
not required for cap designs where the SWCR system consists of a soil

drainage layer.

SWCR Filtration

The SWCR system must incorporate a properly designed filter fabric
into that surface that is adjacent to the cover soil. This fabric must be
selected to allow the flow of water, yet prevent the movement of soil fines
into the core of the SWCR. Filter criteria are based on empirical grain size
relationships.

The analyses were perf(;rmed assuming cover soil gradations as-
recommended by Richardson and Koerner. Soil gradations corresponding to
the results of laboratory analyses performed on materials likely to be used for -
the vegetative layer were compared to the recommended cover soil gradations
when they became available. The soils generally had grain size characteristics
within the ranges of those recommended by Richardson and Koerner. Typical
properties of geotextiles were used in the analyses.

Analyses were performed to determine the soil retention properties of
the filter fabric and the permittivity (cross-plane flow). For the soil gradations
used, it appears that there are several geotextiles available with properties
which would sufficiently retain fine soil particles. Analyses for permittivity
were performed with the peak daily flow rate through the drainage layer,

which exceeded the daily flow rate based on average yearly flow. In addition,
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analyses were ‘performed using an assumed head of 12 inches and the
maximum head of 38 inches calculated in the corresponding HELP model
runs. As stated by Richardson and Koerner (pg. V-5), "Unlike the LCR
(Leachate Collection/Removal) systems, no maximum head is currently
specified by statute or MTG (Minimum Technology Guidance) criteria. In
that the FMC must have a permeability equal to or less than the thickest
Flexible Membrane Liner (FML), it would seem reasonable to. design the
FMC for a maximum tolerable surface water head of one foot. The design
amount of water entering the system would therefore roughly equal the
amount of leachate passing through the liner system". It is noted that the
HELP model runs indicate that a head of water greater than one foot may be
imposed on the FMC. It is likely that this head represents a maximum and
may decrease in areas of the cap where steeper sllopes promote drainage.
Based on the results of the analyses, it appears that there are several
geotextile materials with properties which would meet the requirements for
permittivity. "

Geotextiles used as filters in landfill and hazardous waste applications
are generally heavier fabrics, with material weights ranging from 8 oz/yd2 to
16 oz/yd2. The purpose of using a heavier fabric is to provide a material with
properties sufficient to withstand construction conditions. The geotextile is

generally subjected to the greatest stresses during installation.
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SWCR Slidin

- The SWCR system must be analyzed to evaluate the likelihood of
shear failures occurring at the surface or interior boundaries of the cap
system. The Design Ratio (DR) against soils sliding on components of the
cap is the ratio of the tangent of the friction angle of the SWCR /soil interface
and the tangent of the slope angle. The minimum DR recommended by
Richardson and Koerner against soils sliding on components of the cap is 2.

The minimum friction angle for the component of the SWCR portion
of the cap was taken to be that of the geotextile against the vegetative layer
for the majority of the cap designs. The friction angle for this interface was

assumed to be 25 degrees based on information presented in Koerner (1986).

For cap designs G and H, where a geosynthetic was proposed for use as the

SWCR, the minimum friction angle was taken to be that of the geotextile
against the geosynthetic drainage material. Lundell and Menoff indicate that
when geonets and geotextiles are placed adjacent to geomembranes, the
,interfacebs tend to have the lowest laboratory measured friction angles.
Minimum friction angles of 15 to 17 degrees have been reported for
geonet/geomembrane inter faces. Minimum friction angles on the order of
- 6 degrees have been reported for geotextile/geomembrane interfaces.
Lundell and Menoff conéluded that friction angles closer to those of
geotextile/geomembrane interfaces can be measured in the laboratory for
gepnet/ geomembrane interfaces. The friction angle was assumed to be nine
deérees based on information presented by Gundle Lining Systems, Inc. It is

not intended to specify Gundle materials in particular. However, literature
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from Gundle in addition to information presented by Koerner (1986) provided
information on friction angles developed at various soil/geosynthetic and

geosynthetic/geosynthetic interfaces.

FMC Slidin

As with the SWCR system, thg flexible membrane cover (FMC) must
be analyzed to evaluate the likelihood of shear failures occurring at the
interior boundaries of the cap system. The friction angle utilized for the
analyses was taken to be the minimum friction angle developed at the
interface above or below the FMC. As previously discussed, values for the
friction angles developed at these interfaces were based on information
presented by Gundle and in Koérner (i986). It is noted that this information
corresponds to a series of experiments performed with various
soil/geosynthetic and geosynthetic/geosynthetic interfaces and represent
general values. Behavior of the materials in the field may vary due to
differences in soil type and installatién of the geosynthetic materials.

. Four types of materials proposed for use as flexible membrane covers
(FMC) were evaluated including high density polyethylene (HDPE), low
density polyethylene (LDPE), polyvinyl chloride (PVC), and chlorosulfonated
polyethylene (CSPE). Based on available literature, it appears that the angle
of internal friction developed at the PVC, CSPE, and LDPE and geotextile
or sandy soil interfaces are generally greater than those developed at smooth
HDPE and geotextile or sandy soil interfaces. Koerner (1986) indicates that

the angle of internal friction developed at smooth PVC and sandy soil
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interfaces ranges from 21 to 25 degrees. Minimum friction angles measured
at PVC/clay interfaces are in the range of 16 to 17 degrees. The angle of
friction deyeloped for smooth HDPE and sandy soil interfaces ranges from 17
to 18 degrees. Similarly, the minimum friction angles measured at HDPE/-
clay interfaces are in the range of 15 to 17 degrees. Manufacturer’s literature
from Poly-America indicate that the angle of internal friction developed at-
LDPE and sandy soil interfaces range from 17 to 21 degrees. It is noted that
a friction angle of 17 degrees corresponds to a test condition of LDPE and
saturated Ottawa sand. Thislis not intended to specify Poly-America products
and is used only aé a reference for typical friction angles. Data corresponding
to LDPE/clay interfaces does not appear to be readily available. CSPE and
sandy soil interfaces have friction angles ranging from 21 to 25 degrees. The
information referenced corresponds to a series of experiments performed with
various soil/geosynthetic and geosynthetic/ geosynthetic interfaces and
represent general values. Behavior of the materials in the field may vary due
to differences in soil type and installation of the geosynthetic materials.

Based on available literature, it appears that PVC and LDPE materials
have higher elongations at yield fhan HDPE and CSPE materials. Therefore,
PVC and LDPE materials have significantly larger factors of safety with
resp‘ect to strains at rupture to avoid FMC failure due to settlement.

it is noted that geosynthetic material used as Flexible Membrane
Covers (FMCs) are generally exposed to surface water infiltration only. *As
a result, chemical compatibility is generally not a concern. However, HDPE

materials are generally more chemically resistant to a wider range of
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parameters than PVC and LDPE materials. In summary, PVC or LDPE
materials appear to be more advantageous in cases where the FMC is likely
to be subjected to significant settlements because of their more favorable
stress-strain characteristics. In cases where chemical compatibility is of a
concern, the use of HDPE materials may be more favorable because of their
res'istan'ce to a wider range of chemicals. Recdgnizing that a two foot thick
soil barrier layer will likely separate the waste layer from the FMC in the
selected cap design and in order to accommodate settlement of the cap
system, a FMC manufactured of PVC or LDPE appears to be fnost appropri-
ate.

LDPE materials exhibit higher tensile strength and more favorable
stess-strain behavior than PVC. In addition, manufacturer’s literature
indicates that LDPE materials typically have low temperature brittlenéss
values ranging from -94 to -112 degrees Farenheit while PVC typically has low
temperature brittleness factors on the order of -45° Farenheit. Therefore,
LDPE materials are recommended as part of the cap system due to its more
favorable stress-strain characteristics and low temperature brittleness values.
In the following analyses, minimum values of friction angles developed at
LDPE/Sandy Soil or PVC/clay or geosynthetic interfaces were used. Friction
angle values for PVC/clay or geosynthetic interfaces were used as a reference
due to the apparent absence of LDPE/clay interface friction angle data.

A textured HDPE liner has been developed by Gundle Lining Systems,
Inc. which is manufactured with a specially treated surface which increases the

angle of friction. The angles of internal friction developed at the interface of
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the textured material and adjacent soil or geosynthetic rﬁaterials appear to be
equal to or greater than those developed at the rough PVC, CSPE, and LDPE
interfaces. It is not meant to specify products manufactured by Gundle Lining
Systems in particular. It is noted that the use of the textured HDPE material
may be dismissed based on additional cost and apparent difficulties in
seaming due to the textured surface increased thickness. However, analyses
were performed utilizing the properties of textured HDPE to illustrate its

influence on the maximum allowable slopes.

. Settlement

Stresses introduced to the geotextile and geomembrane during their
service life are caused by différential settlements of the waste below the cap.
It is important that the strain at rupture for geotextile and FMC be known
and specified to avoid failure due to settlement. However, it is difficult, to
estimate landfill settlement. It is impossible to predict random settlement
events such as the collapse of drums or the occurrénce of stumps and
demolition debris which inhibit settlement.

A settlement analysis was performed to estimate settlement of the
waste layer caused by constructipn of the cap system. The analysis was
performed based on information presented in "Settlement of Waste Disposal
Fills" by George F. Sowers included in the Proceedings of the 8th Iﬁternation—
al Conference on Soil Mechanics and Foundation Engineering in Moscow,
1973. It appears that several mechanisms are responsible for settlement,

including mechanical, ravelling of fines, physico-chemical decay, and
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interaction. Of these mechanisms, only the first is load related and can be
analyzed in terms of the stresses involved. The other mechanisms are related
to the environment due to air, moisture, and temperature conditions and
cause settlements similar to secondary settlemenf in soils. The mechanical or
primary settlement occurs rapidly with little or no pore pressure build-up and
is usually completed in less than one month following application of load.
The magnitude of settlement is dependent on the initial void ratio of the
waste layer, compression index, and applied surcharge. Based on information
presented in the paper, typical void ratios for waste vary between 2 for well-
- compacted and 15 for uncompacted conditions, respectively. Analyses
performed for estimating the magnitude of primary settlement were based on
the following assumptions:

- initial void ratio = 10;

- compression index = 3.5;

- rnaxifnurn height of waste layer = 80 feet;

- unit weight of wéste material = 90 pcf;

- waste material is normally consolidated;

- surcharge due to 5 foot thick cap system = 600 psf.

The analyses indicated that approximately 2.7 feet of settlement may
occur for the conditions modeled. Analyses for primary settlement are
presented in Appendix 2-3. It is noted that this estimate corresponds to areas
whére the thickness of the waste layer is approximately 80 feet and that less
settlement is anticipated in areas where the thickness of the waste layer is less

than 80 feet. Differential settlement may occur in areas where the cap system
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is constructed due to variations in waste composition and density, changes in
the manner in which waste was placed, or potentialiy unstable areas within the
landfill.

Additional analyses were performed to estimate the magnitude of
secondary settlement in the waste layer. As previously discussed, the amount
of secondary settlement is related to mechanical secondary compression,
physico-chemical action, and bio-chemical decay. Analyses performed
estimating the magnitude of secondary settlement were based on the following
assumptions:

- filling at site commenced in 1940,

- initial void ratio = 10;

- secondary compression factor = 0.45; —
- maximum height of waste layer;

- cap-installed in 1990;

- assumed design life of 30 years (to year 2020).

It should be noted that since the cover will be installed subsequent to
1990, actual settlements may be slightly less than actually predicted.

The analyses indicated that approximately 0.6 feet of secondary
settlement may occur for the conditions modeled. Detailed analyses for
secondary settlement are also presented in Appendix 2-3. As previously
discussed, this estimate corresponds to areas where the thickness of the waste
layer is approximately 80 feet and that less settlement is anticipated in areas

where the thickness of the waste layer is less than 80 feet. Therefore, the
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total estimated settlement is estimated to be approximately 3.3 feet for the
conditions modeled. |

Based on analyses presented in "Geosynthetic Design Guidance for
Hazardous Waste Landfill Cells and Surface Impoundments" by Richardson
and Koerner, an estimated total settlement of 3.3 feet corresponds to a
settlement ratio of 0.04. Information presented by Knipshield in "Material
Selection and Dimensioning of Geomembranes for Goundwater Protection"
in Waste and Refuse indicates that a settlement ratio of 0.04 corresponds to
a uniform strain of approximately one (1) percent. Richardson and Koerner
recommend a minimum DR, ratio of the strain at rupture for the geomem-
brane to the estimated uniform strain .due to settlement, of 5.

2.03.04 Results of Cap Component Analyses

\

Individual analyses of the cap components for the cap designs are as

follows:

CAP DESIGN A
A.l. Transmissivity

This section applies to cases where a geosynthetic system is utilized in
lieu of granular material as part of the Surface Water Collection/Removal
(SWCR) system. Cap A utilizes a granular material for the drainage layer
overlying the Flexible Membrane Cover (FMC) and underlying soil barrier
layer. Therefore, analysis of the transmissivity of the SWCR was not required
for Cap A.
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A.Il. SWCR Filtration

As discussed in section describing SWCR filtration, it appears that
there are several geotextile filters available with properties which would meet
requirements for permittivity.
A.IIl. SWCR Sliding

The friction angle for the vegetative layer/geotextile interface was
assumed to be 25 degrees based on information presented in Koerner (1986).

The maximum slope for a DR of 2 is 1 vertical on 4.3 horizontal (23 percent).

A, IV, FMC Sliding

For cap A, the minimum friction angle for the component of the FMC
portion of the cap was taken to be that of the geomembrane adjacent to the
soil barrier 1;1yer based on'test results supplied by Gundle Lining Systems,
Inc., Koérner (1986), and Poly-America, Inc. It is not intended, however, to
specify Gundle or Poly-America products. It is noted that the angle of
internal friction between geosynthetic materials and soil is most accurately
determined with laboratory testing utilizing the materials to be used in
construction. The friction angle for the FMC/soil barrier layer interface was
assumed to be 17 degrees based on information for LDPE materials. The
maximum slope for a DR of 2 and an angle of friction of 17 degrees is 1
vertical on 6.5 horizontal (15 percent).

Textured Gundline HDPE material is manufactured with a specially
treated surface which increases the angle of friction. It is noted that textured

Gundline HDPE is manufactured in thicknesses of 40 mils and greater only.
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The friction angle for the FMC/sand bedding layer interface was assumed to
be 38 degrees based on informatioh for the textﬁred Gundline material. The
maximum slope for a DR of 2 and an angie of friction of 38 degrees is 1
vertical on 2.6 horizontal (38 percent).

Based on results of analyses evaluating sliding of the SWCR and the
FMG, it appears that the maximum slope for a DR of 2 is 1 vertical on 6.5
horizontal (15 percent) when LDPE is used. In this case the maximum
allowable slope is governed by the friction angle at the geomembrane/soil
barrier layer interface. The maximum slope for a DR of 2 when textured
HDPE is used is 1 vertical on 4.3 horizontal (23 percent). In this case, the
maximum allowable slope is governed by the friction angle at the vegetative
layer/geotextile interface.
A.V. Settlement

Analyses perforrﬁed for LDPE materials show that these materials will
have sufficient strains at rupture to avoid FMC failure due to settlement for
the conditions modeled. Analyses performed for the geotextile filter showed
that the material would likely have sufficient strength to avoid failure due to

settlement for the conditions modeled.

CAP DESIGN B
B.1. Transmissivity

Identical to results for Cap Design A. (See Section A.I)
‘B.II. SWCR Filtration

Identical to results for Cap Design A. (See section A.II)
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B.III. SWCR Sliding

Identical to results for Cap Design A. (See Section A.III)

B.IV. FMC Sliding

—

Identical to results for Cap Design A. (See Section A.IV)
B.V. Settlement

Identical to results for Cap Design A. (See Section A.V)

CAP DESIGN C

C.l. Transmissivity
Identical to results for Cap Design A. (See Section A.I)

C.II. SWCR Filtration
Identical to results for Cap Design A. (See Section A.II)

C.III. SWCR Sliding

Identical to results for Cap Design A. (See Section A.III)

C.IV. FMC Slidin

For cap C, the minimum friction angle for the component of the FMC

portion of the cap was taken to be that of the geomembrane adjacent to the

soil barrier layer based on test results supplied by Gundle Lining Systems,

Koerner (1986), and Poly-America as previously discussed. The friction angle

for the LDPE/soil barrier interface was assumed to be 17 degrees. The

maximum slope for a DR of 2 and an angle of friction of 17 degrees is 1

vertical on 6.5 horizontal (15 percent)

The friction angle for the FMC/soil barrier layer interface was

assumed to be 25 degrees based on information for the textured Gundline
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material. The maximum slope for a DR of 2 and an angle of friction of 25
degrees is 1 vertical on 4.3 horizontal (23 percent).

Based on results of analyses evaluating sliding of the SWCR and the
FMC, it appears that the maximum slope for a DR of 2 is 1 vertical on 6.5
horizontal (15 percent) when LDPE is used. In this case the maximum
allowable slope is governed by the friction angle at the FMC/soil barrier layer
interface. The maximum slope for a DR of 2 when textured HDPE is used
is 1 vertical on 4.3 horizontal (23 percent). In this case, the maximum allow-
able slope is governed by the friction angle at the vegetative layer/geotextile
interface.
C.V. Settlement

Identical to results for Cap Design A. (See Section A.V)

CAP DESIGN D
D.I. Transmissivity
Identical to results for Cap Design A. (See Section A.I)
D.II. SWCR Filtration
Identical to results for Cap Design A. (See Section A.II)
D.III. SWCR Sliding
Identical to results for Cap Design A. (See Section A.III)
D.IV. FMC Sliding
This analysis was not required as Cap Design D did not utilize a FMC.
D.V. Settlement

Identical to results for Cap Design A. (See Section A.V)
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CAP DESIGN E
E.l. Transmissivity

Identical to results for Cap Design A. (See -Section Al)
E.IL. SWCR Filtration

Identical to results for Cap Design A. (See Section A.II)

E.III. SWCR Sliding

Identical to results for Cap Design A. (See Section A.III)
E.IV. FMC Sliding |

‘Identical to results for Cap Design C. (See Section C.IV)
E.V. Settlement

Identical to results for Cap Design A. (See Section A.V)

CAP DESIGN F

F.I. Transmissivity

Identical to results for Cap Design A. (See Section A.I)
F.II. SWCR Filtration

Identical to results for Cap Design A. (See Section A.II)

F.III. SWCR Sliding

Identical to results for Cap Design A. (See Section A.III)

F.IV. FMC Slidin

This analysis was not required as Cap Design F did not utilize a FMC.
F.V. Settlement

Identical to results for Cap Design A. (See Section A.V)
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CAP DESIGN G
G.1. Transmissivity

Two types of geosynthetic materials were evaluated for use as the
SWCR. These materials include geonet material manufactured of HDPE and
a geocomposite material manufactured from HDPE with geotextile materials
heat sealed over both sides of the geonet. The properties of Gundnet XI.-4
were used to evaluate the geonet. Properties corresponding to Tenax TNT
were used to evaluate the geocomposite material. As previously discussed,
this is not meant to specify these materials in particular. The properties were
used as a basis for determining the general material properties of such
materials. Based on analyses performed and available information, it éppears
that Gundnet XL-4 would provide sufficient transmissivity for the conditions
analyzed. It aﬁpears that the geocomposite material dﬂoes not proﬁde
sufficient transmissivity for the conditions analyzed.

It is noted that these analyses are conservative as the peak daily flow
were used as the design flows. The peak daily flows exceeded the average
daily flows based on the average yearly flows. |
G.IL SWCR Filtration

Identical to results for Cap Design A. (See Section A.II)

G.III. SWCR Sliding

For cap G, the minimum friction angle fof the component of the
SWCR portion of the cap was taken to be that of ihe'geotextile against the
geosynthetic drainage layer. The friction angle for this interface was assumed

to be nine degrees based on information presented in the test results from
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Gundle previously discussed. The maximum slope for a DR of 2 is 1 vertical
on 12.6 horizontal (18 percent).

As discussed by Richardson and Koerner, the shear stresses transferred
into the SWCR by the cover soil must not exceed the shear strength of the
SWCR itself. It is likely that tensile forces may develop in the geosynthetic
drainage layer due to an imbalance in the shear stresses acting on the upper
and lower interfaces of the layer. It is important to note that the tensile
strength of many' geosynthetic drainage materials have not been formalized
to date. Information was requested from Gundle regarding tensile strength
for Gundnet XL-4. However, this information is not readily available.
G.IV. FMC Sliding

For cap G, jcﬁe minimum friction angle for the component of the FMC
portion of the cap was taken to be that of the geomembrane adjacent to the
geosynthetic drainage layer based on test results supplied by Qundle Lining
Systems, Inc. The friction angle for the geotextile/geomembrane interface
was assumed to be nine degrees based on information for the untextured
Gundline material. The maximum slope for a DR of 2 and an angle of fric-
tion of nine degrees is 1 vertical on 12.6 horizontal (8 percent).

The friction angle for the FMC/sand interface was assumed to be 32
degrees based on information for the textured Gundline material. However,
sliding of the FMC and SWCR system is governed by the friction angle of

nine degrees between the geotextile and geosynthetic drainage layer.
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G.V. Settlement

See Section A.V for Cap Design A. Analyses to determine if the
geosynthetic materials proposed for used in the SWCR require information
regarding the tensile strengths of the materials. It is important to note that
the tensile strength of many geosynthetic drainage materials have not been

formalized to date.

CAP DESIGN H

H.I. Transmissivity

Identical to results for Cap Design G. (See Section G.I)
H.II. SWCR Filtration |

Identical to results fbr Cap Design G. (See Section G.II)
H.III. SWCR Sliding

Identical to results for Cap Design G. (See Section G.III)

H.IV. FMC Sliding

This analysis was not required as Cap Design H did not utilize a FMC.

H.V. Settlement

Identical to results for Cap Design G. (See Section G.V)

CAP DESIGN I

LI. Transmissivity

This analysis was not required as Cap Design I did not utilize a SWCR.
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LII. SWCR Filtration
Identical to results for Cap Design A. (See Section A.I)
LIII. SWCR Sliding |
Identical to results for Cap Design A. (See Section A.II)
LIV. FMC Sliding
This analysis was not required as Cap Design I did not utilize a FMC.
LV. Settlen;ent

Identical to results for Cap Design A. (See Section A.V)

CAP DESIGN J -

J.I. Transmissivity
Identical to results for Cap Design A. (See Section A.I)
J.II. SWCR Filtration
This analyses was not required as Cap Design J did not utilize a
geotextile filter.
J.III. SWCR Sliding
This analysis was not required as Cap Design J did not utilize a

SWCR.

J.IV. FMC Sliding

For cap J, the minimum friction angle for the component of the FMC
portion of the cap was taken to be that of the geomembrane adjacent to the
vegetative layer. The friction angle for the FMC/soil barrier interface was

assumed to be 17 degrees based on information presented by Gundle,
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Koerner (1986), and Poly-America. The maximum slope for a DR of 2 and
an angle of friction of 17 degrees is 1 vertical on 6.5 horizontal (15 percent).

The friction angle for the FMC/vegetative layer interface was assumed
to be 25 dégrees based on information for the textured Gundline material.
The maximum slope for a DR of 2 and an angle of friction of 25 degrees is
1 vertical on 4.3 horizontal (23 percent).

Based on results of analyses evaluating sliding of the SWCR and the
FMC, the maximum slope for a DR of 2 is 1 vertical on 6.5 horizontal (15
percent) when LDPE is used. In this case the maximum allowable slope is
governed by the friction angle at the FMC/soil barrier layer interface. The
maximum slope for a DR of 2 when textured HDPE is used is 1 vertical on
4.3 horizontal (23 percent). In this case, the maximum allowable slope is
governed by the friction angle at the vegetative layer/geotextile interface.
J.V. Settlement

Identical to results for Cap Design A. (See Section A.V)

Results of the ahalyses performed are surmﬁarized in Table 2-3. It is
noted that the maximum slopes listed in this table ;:erespond to énalysis of
the cap components. The maximum slopes required for a factor of safety of
two against sliding for the SWCR layer and the FMC layer of each cap design
are liéted. The controlling maximum slope is also listed for each proposed
cap design. The maximum allowable slope for cap designs A, B, C, D, E, and
J for a factor of safety of two is 1 vertical on 4.3 horizontal (23 percent) if
Atextured HDPE material is used. For cases where LDPE material is used, the

maximum allowable slope is 1 vertical on 6.5 horizontal (15 percent) for cap
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ALTERNATE
CAP DESIGN

SWCR
TRANSMISSIVITY

GEOTEXTILE
FILTER FABRIC
(soil retention/
permittivity)

TABLE 2-3

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY
INITIAL RESULTS OF CAP COMPONENTS ANALYSES

SWCR
SLIDING

FMC
SLIDING

MAXIMUM
SLOPE

SETTLEMENT

soil layer as
specified

soil layer as
specified

soil layer as
specified

soil layer as
specified

soil layer as
specified

soil layer as
specified

GUNDNET XL-4
or equal

GUNDNET XL-4
or equal

soil layer as
specified

soil layer as
specified .

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

Several geotextiles
capable of meeting
criteria

N/A

***ESmin=2 with
1:4.3 slopes

***ESmin=2 with
1:4.3 slopes

***ESmin=2 with
1:4.3 slopes

***ESmin=2 with
1:4.3 slopes

***ESmin=2 with
1:4.3 slopes

***ESmin=2 with
1:4.3 slopes

****FSmin=2 with
1:12.6 slopes if

GUNDNET XL-4 or
equal is used

****ESmin=2 with
1:12.6 slopes if

GUNDNET XL-4 or
equal is used

***FSmin=2 with
1:4.3 slopes

N/A

SWCR represents Surface Water Collection and Recovery System.
FMC represents Flexible Membrane Cover.
FSmin represents a minimum Factor of Safety.
N/A indicates Not Applicable.
* indicates that information regarding the tensile strength of the

geonet was not readily available and analyses for settlement were not performed.
** jndicates properties of Textured Gundlime HD (40 mil) HDPE liner

were used in analyses.
*** indicates assumed friction angle of 25 degrees between geotextile
and adjacent vegetative or soil barrier layer.
**** indicates assumed friction angle of 9 degrees between geonet
and geotextile or geomembrane.

FSmin=2 with 1:3.5
if **textured HDPE
FSmin=2 with 1:6.5
if LPDE is used

FSmin=2 with 1:3.5
if **textured HDPE
FSmin=2 with 1:6.5
if LPDE is used

FSmin=2 with 1:4.3
if **textured HDPE
FSmin=2 with 1:6.5
if LPOE is used

N/A

FSmin=2 with 1:4.3
if **textured HDPE
FSmin=2 with 1:6.5
if LPDE is used

N/A

**EXCCMin=2 with
1:10.2 slopes if
**textured HOPE is

N/A

N/A

FSmin=2 with 1:4.3

slopes
is used
slopes

slopes
is used
slopes

slopes
is used
slopes

slopes
is used
siopes

used

slopes

1:4.3
textured HDPE
1:6.5
LDPE

1:4.3
textured HDPE
1:6.5
LDPE
1:4.3
textured HDPE
1:6.5
LDPE

1:4.3

1:4.3
textured HDPE
1:6.5
LDPE

1:4.3

1:12.6

1:12.6

1:4.3

1:4.3

if **textured HDPE is used textured HDPE

FSmin=2 with 1:6.2
if LPOE is used

slopes

1:6.5
LDPE

acceptable for
gecmembrane
geotextile

acceptable for
geomembrane
geotextile

acceptable for
geomembrane
geotextile

acceptable for
geotextile

acceptable for
geomembrane
geotextile

acceptable for

geotextile

acceptable for
geomembrane
geotextile
*geonet

accepfable for
geotextile
*geonet

acceptable for

geotextile

acceptable for
geomembrane



designs A, B, C, D, E, and J. The maximum allowable slope for cap designs
F and I is 1 vertical on 4.3 horizontal (23 percent) based on sliding of the
geotextile filtef fabric. Maximum allowable slopes for cap designs G and H
are significantly less due to the low friction angle developed at the geotextile-
/geonet interface. The maximum allowable slope for cap designs G and H

is 1 vertical on 12.6 horizontal (8 percent) .

2.03.05 Recommended Cap System

Results of the HELP model analyses and analyses of the cap
components were reviewed to develop a final cap system design. The cap

systems were evaluated as follows:

Cap Design A

Cap design A meets thé requirements of the New Jersey Administra-
tive Code (NJAC). Iniﬁal HELP model analyses for cap design A indicate
that approximately 14,300 gallons/year of precipitation is likely to percolate
through the cover system and into the underlying waste. These analyses were
performed for a total landfill area of 76 acres graded at three percent slope.s.
This represents a conservative estimate as portions of the landfill wili be
graded at slopes which promote a greater percentage of runoff and internal
drainage. It is noted that cap design A includes two 6-inch bedding layers and
a 36-inch soil barrier layer. This cap design requires significantly greater

quantities of materials for cap construction than the other cap designs, which
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would likély result in a higher cost of cap construction. Traffic to the site may
also be increased in order to deliver the additional quantities of materials.

The maximum allowable slope based on the cap component analyses
for cap design A is 1 vertical on 6.5 horizontal (15 percent) if LDPE materials
are used. These slopes do not differ significantly from those for the other cap
designs.

Based on the increased quantities of materials required for construc-
tion of cap design A and its performance estimated by the HELP model

analyses, cap design A is not recommended as a part of the final cap system.

Cap Design B

Cap design B meets fhe requirements of the NJAC. HELP model
/analyses performed for cap design B indicate that approximately 24,350
gallons/year of precipitation is likely to percolate through the cover system
and into the underlying waste based on a landfill cap area of 76 acres graded
at three percent slopes. An additional geomembrane and bedding layer is
utilized in lieu of the soil barrier layer in cap design A. Although this design
does not require a material which meets the requirements of the soil barrier
layer, comparable qﬁantities of bedding materials are required.

The maximum allowable slope based on the cap component analyses
for cap design B- is 1 vertical on 6.5 horizontal (15 pércent) if LDPE materials
are used. These slopes do not differ significantly from those for the other cap

designs.

2-37



Based on the performance estimated by the HELP model analyses, cap

design B is not recommended as part of the final cap system.

Cap Design C

Cap design C is in accordance with RCRA guidelines. Cap design C
is estimated to allow approximately 25 gallons/year of precipitation to
percolate through the waste layer based on a landfill cap area of 76 acres and
slopes of three percent. It is noted that this estimate may represent the lower
range of precipitation percolating through the waste layer as a result of the
assumptions of the HELP model.

The maximum allowable slope based on the cap component analyses

for cap design C is 1 vertical on 6.5 horizontal (15 percent) if LDPE materials
are used. These slopes do not differ significantly from those for the other cap
designs.

The gas venting layer is not required, as an active gas collection system
is proposed for the site. The Record of Decision (ROD) requires that the
landfill cap meet RCRA requirements. Minimum technology guidance for
covers on hazardous waste landfills lists gas venting layers as an optional
componént of the cover system. Therefore, the cap system meets minimum
technology guidance without the gas venting layer. In addition, the recom-
mended alternative in the ROD included an active collection and treatment
system for methane and any other landfill-generated gases. Therefore, cap

design C is not recommended as part of the final cap system.
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Cap Design D_

Cap design D is in accordance with RCRA guideline and is estimated
to allow approximately 6,034,500 gallons/year of precipitation to percolate
through the waste layer based on a landfill cap area of 76 acres graded at
three percent slopes. The maximum allowable slope based on the cap
component analyses for cap design D is 1 vertical on 4.3.horizontal (23
percent). As discussed previously for cap design C, the installation of an
active gas venting system is proposed at the site and the gas venting layer is
not required. Therefore, cap design D is not recommended as part of the

final cap system.

Cap Design E

Cap design E meets the RCRA guidelines and is identical to cap
design C with the exception of the gas venting layer. HELP model analyses
performed for cap design E indicate that approximately 60 gallons/year of
precipitation will percolate through the waste layer based on a landfill cap
area of 76 acres graded at three percent slopes. As previously discussed, this.
estimate may represent the lower range of precipitation percolating through
the waste layer as a result of the assumptions of the HELP model.

The maximum allowable slope based on the cap component analyses
for cap design E is 1 vertical on 6.5 horizontal (15 percent) if LDPE materials
are used. These slopes do not differ significantly from those for the other cap

designs.
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Cap design E is recommended as part of the final cap system based on
the limited amount of percolation into the waste layer. These slopes require
the use of a textured HDPE material for the geomembrane. If an LDPE
material is utilized, the maximum allowable slope is 1 vertical on 6.5.hori-

zontal (15 percent).

Cap Design F

Cap design F is in accordance with RCRA guidelines. HELP models
runs performed for cap design F estimate that 6,035,450 gallons/year of
precipitation will percolate through the cap system based on a landfill cap
area of 76 acres graded at three percent slopes. It is noted that caﬁ design
F does not incorporate a geomembrane and the maximum allowable slopes
are 1 vertical on 4.3 horizontal (23 percent).- Cap design F is recommended
as part of the final cap system and is to be used in areas where thé slopes are
greater than 1 vertical on 6.5 horizontal (15 percent) if a LDPE material is
utilized in cap design E. Cap F minimizes the amount of refuse to be

relocated and volume of fill material required.

Cap Design G

Cap design G is in accordance with RCRA guidelines and differs from
cap design E only in that a geosynthetic material is proposed for use as the
drainage layer in lieu of a soil drainage layer. HELP model analyses
performed for cap design G indicate that approximately eight gallons/year of

precipitation will enter the waste layer based on a landfill cap area of 76 acres
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graded at three pefcent slopes. As previously discussed, this estimate may
represent the lower range df precipitation percolating through the waste layer
as a result of the assumptions of the HELP model.

The limiting parameter with respect to cap design G is that the
maximum allowable slopes are approximately 1 vertical on 12.6 horizontal (8
percent). The maximum slopes are governed by the low friction angle
between the geosynthetic drainage material and overlying geotextile. - If cap
design G were used as part of the final cap system, large quantities of fill
materials would be required and large retaining structures would be required
to limit the extent of the cap within appropriate distances from adjacent
properties, right of ways, and environmentally sensitive areas. In addition,
there has been limited experience with the long-term pérformance of
geosynthetic drainage materials. Therefore, cap design G is not recommend-

ed as a portion of the final cap system.

Cap Design H .

Cap design H is in accordance with RCRA requirements. HELP
model analyses performed for cap design H indicate that approximately
876,600 gallons/year of precipitation will percolate through the cap system
based on a landfill cap area of 76 acres graded at three percent slopes. Cap
design H is similar to cap design G in that the limiting parameter is that the
maximum aHowablc slopes are 1 vertical on 12.6 horizontal (8 percent).
Based on the discussion for cap design G, cap design H is not recommended

as a portion of the final cap system.
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Cap Design 1

Cap design I is estimated to allow approximately 4,776,350 gallons/year
of precipitation to percolate through the cap system based on landfill cap area
of 76 acres graded at three percent slopes. The maximum allowable slopes for
cap design I are 1 vertical on 4.3 horizontal (23 percent). It is likely that this
cap design will not be accepted as meeting the RCRA requirements.
Therefore, cap design I is not recommended as a portion of the final cap

system.

Cap Design J

Cap design J is estimated to allow approximately 57,800 gallons/year
of precipitation to enter the waste layér based on a landfill cap area of 76
acres graded at 3 perc_eﬁt slopes. The maximum allowable slopes for cép
design J are 1 vertical on 4.3 horizontal (23 percent). However, this design
does not meet the minimum requirements of RCRA and it is unlikely that a
design with this éap system would be acceptable. Therefore, cap design J is
not recommended as a portion of the final cap system. \

Based on results of the HELP model analyses and stability analyses for
the cap components, cap designs E and F were selected. Cap designs E and
F are in accordance with RCRA guidelines. Cap sections C and D are similar
to cap sections E and F, respectively, with the exception that cap sections C
and D utilize a one foot thick gas venting layer below the soil barrier layer.
Results of the HELP model analyses indicate that the respective cap systems

will perform in a similar manner relative to limiting infiltration. As previously
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discussed, a passive gas venting layer is not required. An active gas extraction
and treatment system is proposed for the site. The Record of Decision
(ROD) requires that the landfill cap meet RCRA requirements. The
minimum technology guidance for covers on hazardous waste landfills lists gas
venting layers as optional components of the cover system. Therefore, the cap
system meets minimum technology guidance without the gas venting layer.
The cover currently in place on the site appears to be permeable and capable
of venting gas. In addition, the Tecommended alternative in the ROD
includes an active gas extraction and treatment system for methane and any
other landfill generated gases.

The entire area to be capped was modified to 65.2 acres based on
results of the fill delineation program. During the initial analyses, the cap was
assumed to extend over approximately 76 acres. As presented in»the followiflg
section, the areal extent of Cap E is governed by the angle of internal friction
of the smooth geomembrane against the adjacent soil barrier layer. Cap E
should be installed in areas where slopes are 1 vertical on 6.5 horizontal (15
percent) or less to provide an adequate factor of safety against sliding of the
cap components. Cap system F should be utilized over the remaining capped
area, where the slopes will be regraded to a maximum of one vertical on 4.5

horizontal (22 percent).

2.03.06 Preliminary Cap Performance Analyses

Preliminary analyses were performed for cap systems E and F to

estimate the volume of precipitation percolating through the selected cap
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systems based on the preliminary design and defined by the fill delineation
area and geomembrane area. A parametric study was performed to evaluate
the effect of varying liner leakage rates. Liner leakage fractions of 0.01 and
0.10 were utilized for cap system E. An additional analysis was performed
using a liner leakage fraction of 0.00001 as used in the initial HELP model
analyses.

Results of these analyses are summarized in Table 2-4. Computer
outputs for the analyses are included in Appendix 2-4. Based on the results,
it appears that the average yearly percolation into the wasté layer may range
from 3,071,000 to 3,239,000 gallons per year for liner leakage fraction rates
of 0.00001 to 0.1 and where the geomembrane is placed in areas having slopes
of seven percent or less, as originally directed by the New Jersey Department
of Environmental Protection (NJDEP). Peak daily percolation may range
from 10,300 to 10,800 gallons per day. A liner leakage fraction of 0.1
represents an upper limit for the analyses and assumes that for every 10 écres
of geomembrane placed, there will be an effective defect area of one acre.

This appears to be a highly unlikely case.

2.03.07 Final Cap Performance Analyses

Results of Final Cap Performance

A series of analyses incorporating modifications to the preliminary
design were performed to evaluate cap designs E and F. These modifications
included installation of the geomembrane FMC over areas of slopes of ten

(10) percent and less only and utilization of a liner leakage fraction of 0.001
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TABLE 2-4
Combe Fill South Landfill Remediation Program

‘ Morris County, New Jersey

PRELIMINARY HELP MODEL (VERSION 2) RESULTS

Peak Daily
Average Yearly Percolation
Percolation Into Into Waste
Area Liner Leakage Waste Layer Layer
Cap System (Acres) Fraction (Gallqns/Year) (Gallons/Day)

E 21 0.00001 15* : 0*

E 21 0.01 16,800 50

E 21 0.1 168,000 500

F 44.2 N/A 3,071,200 10,260

N/A indicates Not/Applicable as cap design F does not incorporate a geomembrane.

' *  indicates that this value may represent a lower limit of volume of precipitation
estimated to percolate into the waste layer due to assumptions made in
the HELP model.



both as recommended by the New Jersey Department of Environmental
Protection (NJDEP) and the Bureau of Solid Waste (BSW). Based on
recommendations by the NJDEP, a 40 mil FMC is to be placed in areas with
slopes up to 10 percent. Therefore, the extent of cap systems E was increased
to 26.5 acres and cap system F was decreased to 38.7 acres. In addition,
subsurface drainage laterals spaced a 170 feet were incorporated in the
analyses.

Results of the analyses corresponding to the final design are presented
in Table 2-5. Computer outputs for the analyses are included in Appendix 2-

5.

Minimization of Maintenance

As discussed under the vegetative cover section of Section 2.03.01, the
species selected for the vegetative cover will be adapted to the climate of the
region, be relatively quick growing, shallow rooted, able to grow year round,
be self propogating, and require a minimum amount of short and long term
maintenance. The seed mixture will consist of Tall Fescue, Spreading Fescue,
and Kentucky Bluegrass. The vegetativg cover will require minimum

maintenance and will prevent erosion.

Promotion of Drainage and Minimization of Erosion or Abrasion
The recommended cap systems for the Combe Fill South Landfill are
designed with maximum slopes of one vertical on 4.5 horizontal (22 percent),

and minimum slopes of 4 vertical on 100 horizontal (4 percent). The four
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TABLE 2-5
Combe Fill South Landfill Remediation Program
Morris County, New Jersey

FINAL HELP MODEL (VERSION 2) RESULTS

Area Liner Leakage
Cap System (Acres) Fraction
E 26.5 0.001
F 38.7 N/A

Peak Daily
Average Yearly Percolation
Percolation Into Into Waste
Waste Layer " Layer
(Gallons/Year) (Gallons/Day)
1,360 6
6,343

1,354,600

N/A indicates Not/Applicable as cap design F does not incorporate a geomembrane.



percent slope exceeds EPA technical guidance documents requiring a
rninifnurn slope of 3 vertical on 100 horizontal (3 percent). The maximum
sideslopes of 1 vertical on 4.5 horizontal (22 percent) are less steep than
sideslopes of 1 vertical on 4 horizontal (25 percent) which have been
successfully utilized at other EPA approved sites without evidence of soil
erosion. By virtue of the technical guidance dbcuments, EPA indicates that
a three percent slope is considered suitable to promote runoff. Since the
maximum sideslope is greater, it too will promote runoff.

As discussed above, once the vegetative covér is established, it will
serve to inhibit erosion. Surface water drainage diversion ditches will be
installed at 15 foot changes in elevation to minimize erosion. During the
period in which vegetation is becoming established on the--éap, protection
against wash-out and erosion will be prO\;ided using soil stabilization
techniques. These techniques may include jute mesh, a synthetic stabilization
mat or other means. Temporary silt dams will be installed in ditches to
prevent the removal of soil from the site by erosion during the period in
which vegetation is becoming established. Once the vegetation is established,

the cap will be sufficiently protected against erosion.

Accommodation of Subsidence

As previously discussed, it is difficult to estimate landfill settlement.
The analysis described in Section 2.03.01 estimates total settlement to be on
the order of 3.5 feet. This represents a conservative estimate of the

settlement likely to occur. Recognizing that landfill has been closed since
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1981 and that a great majority of the predicted settlement has most likely
occurred within the past nine years, differential settlement is anticipated to
be minimal. Therefore, settlement should have no appreciable effect on the

completed cover.

Cover Permeability versus Underlying Permeability

According to information presented in the RI/FS, the range of
calculated hydraulic conductivity for the saprolite beneath the landfill is
estimated to be approximately 2 x 10'3 cm/sec based on weils screened in this
strata.

The permeability of the cover is controlled by the least permeable
' layér. Cap design E utilizes a geomembrane as a barrier layer. Hydraulic
conductivities for geomembranes are typically reported as being less than 1

X 10-12

cm/sec. Cap design F utilizes a soil barrier layer with a minimum
hydraulic conductivity of 1 x 10'7 cm/sec. Therefore, the cap systems meet
the requirement of having a hydraulic conductivity less than that of the

underlying soils.

Ability to Repair

The regulations require that covers be designed so as to be repairable
to correct settling, subsidence, erosion, etc. As documented elsewhere in this
section, settlement and subsidence are anticipated to be minimal, and all cap

alternatives are designed so as to minimize the effects of erosion. Should
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damage be caused by any of these occurrences, the damaged area will be

~ repairable using conventional construction techniques.

2.03.08 Foundation and Slope Stability Analyses

A series of analyses were performed to evaluate the foundation
stability and slope stability of the Combe Fill South Landfill. The foundation
stability analyses were performed to evaluate the s%ability of the loaded
foundation beneath the existing landfill. An analysis of the slope stability was
performed to evaluate the ability of the landfill slopes to remain stable when
placed at thé proposed final grades. The. analyses were based on the
preliminary design and information obtained during field investigations.

THe maximum slopes for the initial analyses were estimated to be
approximately 1 vertical on 6.3 horizontal. Construction of the cap at these
slopes would require the relocation of large quantities of refuse. As a result
of modifications to the preliminary grading plan, an additional series of
analyses were performed to evaluate stability of the landfill with respect to the
more steeply graded slopes. The preliminary grading plan was modified to
maﬁmum slopes of 1 vertical on 4.5 horizontal based. on stability of the cap
components and minimization of refuse relocation.

-

Subsurface Conditions

The surficial materials at the Combe Fill South site consist, from the
surface down, of fill, natural soils, saprolite and granite bedrock. Beneath the

fill, the natural soils consist of clay, silt, sand and gravel. Materials encoun-
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tered during drilling range from silty clay to silty sand, and are approximately
0 to 50 ft thick. Beneath these natural soils is granitic saprolite, derived from
the weathering of bedrock. The saprolite consists of silt, sand, and weathered
granite fragments, and ranges in thickness from approximately 10 to 45 ft
across the site. Bedrock at the landfill is a hornblende granite containing
predominantly quartz, feldspar and hornblende according to Lawler, Matusky,
and Skelly Engineers in the Final Conceptual Design Report dated June,

1987. -

Soil Properties

In order to analyze the stability of the proposed landfill, it was
necessary to ascertain the structural properties of soils likely to be used in the
construction of the landfill cap and of soils present at the site. The initial
series of analyses were performed based on the cap design presented in the
Final Conceptual Design Report by Lawler, Matusky, and Skelly Engineers.
The proposed cap design consists of the following starting from the ground
surface: "

- 6inch topsoil layer

- 18 inch vegetative layer

- geotextile filter

- 12 inch sand layer (drainage layer)

- geomembrane

- 24 inch clay layer (soil barrier layer)

- geotextile filter
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- 12 inch gravel layer (gas venting layer)

Foerurposes of the analyses, the landfill cap was modeled as two
layers, one including the topsoil, embankment materiql, geotextile, sand, and
geomembrane layers and the second including the clay layer. The conservative
assumption was made to model the gravel gas venting layer as part of the
underlying waste layer. It is noted that this cap design corresponds to the
final cap designs recommended for the landfill, with the exception of the gas
venting layer. The final cap design incorporates an active gas venting system,
and, therefore, the use of a gas venting layer in the cap system is not
recommended. Remaining layers were taken as the waste layer, the
underlying silt layer, and the saprolite layer overlying the granite bedrock.

~ The soil properties required for the analyses include soil cohesion,
angle of internal friction, and the in-situ unit weight. Initial values of soil
properties used for the initial analyses were modified as noted in the following
discussion for the final stability analyses. Soil properties used for the initial
analyses and the corresponding results are included as Appendix 2-6. Table
2-6 summafizes the soil properties utilized for each soil layer for the final
series of analyses. The bases for selecting soil properties were established as

follows for each soil layer:

Cohesion
Where utilized, the cohesive strength was taken to be the undrained
shear strength. In order to be conservative, no cohesive strength was

assigned to the cap layer representing the topsoil, embankment material,

2-50



TABLE 2-6

SOIL PARAMETERS USED AS INPUT FOR
FOUNDATION AND SLOPE STABILITY ANALYSES

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

ANGLE OF
COHESIVE INTERNAL UNIT
STRENGTH FRICTION WEIGHT
LAYER ) (psf) {degrees) (pcf)
"Topsoil, Jocal borrow, 0 17 110
geotextile, sand, and
geomembrane components
of proposed cap
Soil barrier layer 1500 0 120
component of cap
* Waste 500 0 40
1000 0 90
Silt Layer 1000 0 120
Saprolite Layer 1000 0 120
Granite Bedrock 0 ' 40 160

NOTES:
1.) * indicates that analyses were performed with varying parameters
to assess their influence on the minimum calculated factor of safety.



geotextile, sand, and geomembrane layers. The soil Barrier layer was assigned
a cohesive strength of 1500 pounds per square foot (psf). Analyses were
performed with values of 500 and 1000 psf for the waste layer to represent a
range of cohesive strengths corresponding to the range of typical refuse
densities. A cohesive strength of 1000 psf was assigned to the silt and
saprolite layers. The conservative assumption was made that the bedrock has
no cohesive strength.

A value of 1500 psf was selected for the soil barrier layer component
of the cap. Results of the unconsolidated, undrained triaxial tests for
materials likely to be used in construction of the soil barrier layer indicated
that the soils had shear strengths ranging from approximately 1700 to 2200
psf. -

The cohesive strengths used for the waste layer were selected to repre-
sent a rénge of cohesive strengths correspondiﬁg to the range of typical waste
densities. According to the Handbook of Solid Waste Management (Wilson,
1977), residenﬁal waste may have densities ranging from 89 to 750 pounds per
cubic yard (3.3 to 27.8 pcf) while industrial waste, excluding heavy metal
scrap, may have densities ranging from 50 to 2430 pounds per cubic yard (1.9
to 90 pcf). It is noted that both industrial and residential wastes were
accepted at the Combe Fill South landfill. A representative value of 1,100
pounds per cubic yard (40 pcf) was taken as an average flalue for material
deposited at Combe Fill South Landfill. Preliminary analyses were performed
with unit weights of 40 and 120 pcf to assess the stability of the fill with
various unit weights. A unit weight of 120 pcf represents a conservatively high
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value for heavy metal scrap. There is no indication that heavy metal scrap is
buried near the critical cross-section, nor that it is concentrated in any one
place on site, thus raising the unit weight of a given area. It is more likely
that the average unit weight is near 40 pcf. The final stability analyses were
performed with unit weights of 40 and 90 pcf. A unit weight of 90 pcf
corresponds to the upper range of densities for industrial waste excluding
heavy metal scrap. The cohesive strength of 500 psf is assumed to correspond
to a typical unit weight of 40 pcf. According to Terzaghi and Peck (1967), a
cohesive strength of S00 psf corresponds to a material of soft consistency.
Analyses were performed with a value of 1000 psf for the wasté layer where
unit weights of 90 and 120 pcf were assumed, to assess the stability with a fill
of heavier unit weight. A cohesive strength of 1000 psf corresponds to a
material of medium consistency. The increased strengths were selected to
reflect that as unit weight and soil density increase, soil strength generally
increases (NAVFAC, 1982).

The cohesive strengths utilized for the underlying silt layer and
saprolite layer were selected based on blow counts from the Standard
Penetration Tests (SPT) conducted during the installation of test borings for
the remedial investigation/feasibility study and installation of pump test and
pump test observation wells. Boring logs for the soil borings are included in
Appendix 2-8.

The lowest blow counts (N value) for the silt layer were 2 and 3 at
depths of 10 to 12 feet below ground surface in borings PTO-5 and PTO-6,
respectively. The next lowest N value for the silt layer was 7 within the
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uppermost two feet of Boring SB-4. It is noted, however, that the majority of
the N values for the silt layer were in excess of 15 and ranged up to 100 (0.5).
Based on this information, the soil cohesive strength was estimated based on
the N value of 7. According to Terzaghi and Peck (1967), a N value of 7
indicates a soil of medium consistency with unconfined compressive strengths
ranging from 1,000 to 2,000 psf. These unconfined compressive strengths
represent cohesive strengths of 500 to 1,000 psf. It is noted that a value of
1,000 psf corresponding to the minimum N value of 7 for the silt layer
represents a conservative estimate of the cohesive strength. As previously dis-
cussed, the majority of the N values for the silt layer exceed 15, which
corresponds to a cohesive strength of approximately 2,000 psf.

The lowest blow count for the saprolite iayer was 11 at a depth of
approximately 40 feet below ground surface in boring SB-2. A N value of 11
indicates a soil of stiff consistency with unconfined compressive strengths
ranging from 2,000 to 4,000 psf. These unconfined compressive strengths
correspond to cohesive strengths of 1,000 to 2,000 psf. In order to be conser-
vative, a value of 1,000 psf, representing the lower value of‘ the range, was

assigned to the saprolite layer.

Angle of Internal Friction

The angle of internal friction utilized for the topsoil, embankment
material, geotextile, sand and geomembrane layer was selected to represent
the minimum angle of internal friction between adjacent interfaces of the cap

components. It is likely that the angle of internal friction for the uppermost
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components of the cap system will be governed by the angle of internal
friction at the sand/geomembrane or ge.omembrane/soil barrier layer
interface.

The layer representing the topsoil, vegetative layer material, geotextile,
sand, and geomembrane layers was modeled with a friction angle of 17
degrees. Recognizing that the soils used in the cap will include soils whose
strengths are beiné omitted, and that the tensile strength of the geotextile and
geomembrane is being ignored, it can be seen that use of 17 degrees is
conservative.

Strength contributions due to friction were ignore‘d in the layer repre-
senting the clay layer. Similarly, the silt and saprolite layers were assigned
cohesive strengths only. Several initial analyses were performed where the
waste layer was assigned an angle of internal friction of 14 degrees.. This
value is based on the steepest slope at which the existing refuse is presently
graded. The waste layer waé not assigned an angle of the internal friction
during final analyses. It is anticipated that analyses performed with the
strength of the waste characterized by its cohesive strength only are more
conservative. The granite bedrock was assigned an angle of internal friction
of 40 degrees. This value is based on typical values for granite given by

Goodman (1980).

Unit Weight

The unit weight of the layer representing the topsoil, local borrow,

geotextile, sand, and geomembrane layers was taken as 110 pcf. The layer

2-54



representing the clay layer was assigned a value of 120 pcf. Results of
laboratory analyses for soils likely to be used in construction of the soil
barrier layer indicated that the unit weights for the materials compacted in
accordance with the 15 blow modification to ASTM D-698 (Standard Proctor)
were generally less than 120 pcf. Samples obtained from McNear Excavating
and Piocosta Sand and Gravel showed unit weights greater than 120 pcf and
ranged from approximately 131 to 136 pcf. It is noted that the McNear
sample was prepared in accordance with ASTM D-1557 Method C (Modified
Proctor).

As previously discussed, initial analyses were performed with unit
weights of 40 and 120 pcf to evaluate the foundation and slope stability with |
a range of unit weights. The final analyses were performed with unit weights
of 40 and 90 pcf. Unit weights of the silt and saprolite layers were taken to
be 120 pcf. A value of 160 pef was assigned to the granite bedrock according

to typical values presented by Goodman (1980).

Method of Analysis

In order to conduct a computer analysis of the stability of the
completed landfill, the computer program titled "STABR", developed by J.M. |
Duncan and Kai Sin Wong (1985) was utilized. The program calculates
factors of safety for a given set of conditions using Bishop’s M.odiﬁed Method.
A detailed discussion of this method may be found in Winterkprn and Fang

(1975).
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Inputs to the program include information regarding areas to be
searched, the geometry (slopes, number of sections to be analyzed, number
of soil layers, the presence or absence of tension cracks, and the presence or
absence of water in the tension cracks), seismic coefficients, and soil
. properties.

Foundation and slope stability analyses were performed for the Combe
Fill South landfill site. The foundation stability analyses were performed to
evaluate the stability of the loaded foundation beneath the existing founda-
tion. An analysis of the slope stability was performed to evaluate the ability
of the landfill slopes to remain stable when placed at the proposed final
grades. Figure 2-6 shows the location of the critical cross-section used for the
analyses. This location was chosen because the slope rises the most steeply
over the longest distance at this location. The maximum slope of the section
is 1 vertical on 4.5 horizontal. This slope was chosen based on stability
analyses of the cap components.

Figure 2-7 shows the critical cross-section. The cross-section was
developed based on information presented in the remedial investi-
gation/feasibility study and soil borings performed during the installation of
the pump test and pump test observation wells. The cross-section shows that
the landfill is underlain predominantly by a saprolite layer eight to 25 feet
thick overlying granite bedrock. A 15 to 25 foot thick silt layer overlies the
saprolite layer in areas northwest and southeast of the fill area at the critical

cross-section.
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Ground water in the area of the existing landfill was modeled at the
depths measured in January, 1985. Corresponding ground water elevations
measured from August, 1988 to January, 1989 were also reviewed and found

to correspond to those measured in January, 1985.

Foundation Stability

For the conditions present at the site, the failure of the landfill
foundati.on will likely take the form of a circle passing through the slope and
fdundation, tangent to a relatively strong layer. Consequently, analyses were
performed ‘with éircular slip surfaces tahgent to the soil and rock layers

underlying the waste layer. Initial analyses were performed with the circular

—slip surface tangent to the base of the waste, silt, saprolite, and granite

bedrock layers. It is noted that the depths to the base of the waste layer and
surface of the silt layer were estimated from information available in the soil
boring logs. Based on information available at that time, two average depths
were used to characterize the base of the waste layer and surface of the silt
layer. The final analyses were performed with the circular slope surfaces
tangent to the surfaces of the silt, saprolite and granite bedrock layers.
Estimates regarding the average depth to the surface of the silt layer were
modified and an average depth was selected to characterize the location of

the silt/waste layer interface.
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TABLE 2-7

RESULTS OF FOUNDATION STABILITY ANALYSES - STATIC CONDITIONS

Layer Tangent
to Failure Surface

Silt Layer

Silt Layer

Saprolite Layer

Saprolite Layer

Granite Bedrock

Granite Bedrock

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

Waste
Cohesive
Strength

(psf)

1000

500

1000

Unit Weight
of Waste
(pcf)

90

40

90

40

30

Minimum
Calculated
Factor of

Safety

| emeeecesoee

1.80

2.48

1.49

3.75

2.31



TABLE 2-8

RESULTS OF SLOPE STABILITY ANALYSES - STATIC CONDITIONS

Type of
Assumed Failure

Toe Failure

Toe Failure

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

Waste
Cohesive Unit Weight
Strength of Waste
(psf) {pcf)
500 40
1000 90

Minimum
Calculated
Factor of

Safety

1.50



Slope Stability

Slope failure at this site would likely take the form of a rotational
failure in close proximity to the toe of the landfill. This situation was modeled

in these analyses.

2.03.09 Results of Foundation and Slope Stability Analyses

Soil parameters used as input for the final foundation and slope
stability analyses are summarized in Table 2-6 (previously presented). Tables
2-7 and 2-8 present results of the foundation‘ and slope stability analyses under
static conditions for fhe final stability analyses. Detailed computer outputs for
the analyses are included in Appendix 2-7.

Table 1 in Appendix 2-6 summarizes the soil parameters used as input
for the initial stability analyses. Results of foundation and slope stability
analyses under static conditions are presented in Tables 2 and 3 of Appendix
2-6, respectively. Detailed computer outputs for the initial analyses are also
included in Appendix 2-6.

The computea factors of safety were compared with the following
factors of safety as given in Section 7:26-2A79b)(3)(i) of the New Jersey

Administrative Code:

Measurement Factor of Safety  Degree of Uncertainty of Strength

Low : High
Static Conditions 15 2.0
Seismic Conditions 1.3 1.7
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In addition, the following recommended factors of safety are noted as
provided in the "Permit Applicants Guidance Manual for hazardous Waste
Land Treatment" by the USEPA. These criteria are as follows:

RECOMMENDED MINIMUM VALUES OF FACTOR OF SAFETY
FOR SLOPE STABILITY ANALYSES

Uncertainty of Strength

Consequences of Slope Failure Measurements

Small Large
No imminent danger to human life or 1.25 1.5
major environmental impact if slope
fails (1.2) (1.3)
Imminent danger to human life or . 1.5 2.0
major environmental impact if slope :
fails - (1.3) (1.7 or greater)

NOTE: Numbers in parentheses apply when seismic activity has been taken into
account. .

l The NJDEP advised O’Brien & Gere that the design factor of safety for the
landfill slopes should be 1.5 for static conditions and 1.3 for seismic condi-

tions.

Foundation Stability Results

Results of the final foundation stability analyses under static conditions,
shown in Table 2-7 (previously presented), indicate minimum calculated factors
of safety greater than 1.5 for the conditions analyzed with the exception of one
case. The circular slip surface assumed tangent to the saprolite layer and the
waste layer was assumed to hgve a unit weight of 90 pcf for the case where the
factor of safety was estimated to be 1.49. As previously discussed, a unit weight

of 90 pcf corresponds to the upper range of densities for industrial waste ex-
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cluding heavy metal scrap. It is noted that the minimum calculated factor of
safety for this case is approximately equal to 1.5. In addition, the soil
parameters utilized for the analyses represent conservative values.

Results of the foundation stability analyses under static conditions for the
initial analyses indicate that the calculated minimum factors of safety were
greater than 1.5 for the conditions modeled with the exception of two cases.
These cases assumed that the failure of the landfill foundation would likely
take the form of a circle passing through the slope and foundation, tangent to
the granite bedrock and that the waste would have a unit weight of 120 pounds
per cubic foot (pcf). In one of the cases, the waste was assumed to have a
cohesive strength of 1,000 psf. The waste was assumed to have an angle of
internal friction of 14 degrees for the second c_aSe. Tﬁe calculated minimum
factors of safety for these cases were 1.33 and 1.34, respectively. As pfeviously
discussed, all other analyses performed with the circular slip surface tangent to
the waste, silt, saprolite, and granite bedrock layers showed minimum factors
of safety greater than 1.5. |

The analyses performed with an assumed unit weight of 120 pcf and

failure -surface assumed tangent to the granite bedrock layer represent

extremely conservative approaches. Analyses were performed with a unit

weight of 120 pcf to assess the stability with a fill of heavier unit weight. As
previously discussed, a unit weight of 120 pcf represents a conservatively high
value for heavy metal scrap. There is no indication that heavy metal scrap is

buried near the critical cross section, nor that it is concentrated in any one
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place on site, thus raising the unit weight of a given area. The average unit
weight is most likely near 40 pcf.

It is most likely that a foundation failure would occur at a relatively
weak/strong soil layer interface. In this case, it is anticipated that the waste
layer/silt layer interface is the interface through which a failure is most likely
to occur. In summary, the two cases of preliminary stability analyses where the
calculated minimum factors of safety were less than 1.5 represent extremely
conservative approaches. It appears that these cases model a mode of failure
which is less likely to occur than a potential failure along the waste layer/silt
. layer interface. In addition, the existing slopes of the landfill have been and
continue to be stable at maximum grades of approximately 1 vertical on 3.5
horizontal. \Maximum slopes of 1 vertical on 3 horizontal ére acceptable,
according to New Jersey Administrative Code Section 7:26-2A.8(b)(5).
Therefore, the cases analyzed with conservative assumptions for foundation
stability represent factors of safety less than 1.5, the results of the remaining
analyses indicate the the calculated minimum factors of safety are suitable for
foundation and slope stability. The cases with factors of safety in excess of 1.5
represent the most likely modes of failure énd the most typical refuse

properties.

Slope Stability Results

Table 2-8 (previously presented) summarizes the results for the final
slope stability analyses. The minimum calculated factors of safety were equal

to or greater than 1.5 and ranged from 1.50 to 2.10 for the conditions analyzed.
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These factors of safety are less than those calculated for the initial slope
stability analyses. This can be attributed to modifications as the design
progressed in the grading plan from maximum slopes of 1 vertical on 6.3
horizontal to 1 vertical on 4.5 horizontal.

Results of the initial slope stability analyses indicated that the minimum
calculated factors of safety were greater than 1.5 for the conditions analyzed.

The minimum calculated factors of safety ranged from 2.84 to 6.07.

Seismic Analyses

By.the exclusion of New Jersey from 40 CFR Part 264, Appendix VI, the
Environmental Protection Agency indicates that there are no faults present in
New Jersey which have seen displacement since Holocene times. As stated in
the comment of 40 CFR 270.14(g)(11) no further information is required to
demonstrate compliance with 40 CFR 264.18(a). However, analyses were
performed based on the preliminary grading plan with maximum slopes of 1
vertical on 4.5 horizontal to determine the effects of earthquake accelerations
upon the completed landfill. The results of the analyses are summarized in
Tables 2-9 and 2-10.

Results of the analyses indicate that the landfill could withstand
earthquake accelerations ranging from 0.02g to 0.20g and still maintain
acceptable factors of séfety for the conditions modelled for the foundation
analyses. Analyses further indicate that the landfill could withstand earthquake
accelerations ranging from 0.03g to 0.13g and maintain factors of safety of 1.3

for the conditions modelled for the slope stability analyses.
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TABLE 2-9

RESULTS OF FOUNDATION STABILITY ANALYSES - SEISMIC CONDITIONS

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

Waste Minimum
Cohesive Unit Weight Calcuiated
Layer Tangent Strength of Waste Factor of Earthquake
to Failure Surface (psf) {pcf) Safety Acceleration
Silt Layer 500 40 1.32 0.14q
Silt Layer 1000 30 1.34 0.07g
Saprolite Layer 500 " 40 1.30 0.129
Saprolite Layer 1000 90 1.35 0.02¢g
Granite Layer 500 40 1.32 0.20g
Granite Layer 1000 90 1.32 0.13g



TABLE 2-10
RESULTS OF SLOPE STABILITY ANALYSES - SEISMIC CONDITIONS

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

Waste Minimum
Cohesive Unit Weight Calculated
Type of Strength of Waste Factor of Earthquake
Assumed Failure (psf) (pcf) Safety Acceleration
Toe Failure 500 40 1.30 0.13¢g

Toe Failure 1000 90 1.31 0.03g



Summary
. The New Jersey Administrative Code Section 7:26-2A.79b) (3)(i)

indicates that the required factors of safety for foundation and slope stability
for static and dynamic conditions are 1.5 and 1.3 for cases where the degree of
uncertainty of the strength measurements are relatively low.

Although exclusion of New Jersey from 40 CFR Part 264 Appendix VI
indicates that there are no faults present in New Jersey which have seen
displacement since Holocene times and no further information is required to
demonstrate compliance with 40 CFR 264.18(a), additional analyses were
performed to evaluate the earthquake accelerations the completed landfill
could withstand and still maintain suitable factors of safety. Based on the
results of the analyses for the conditions modelled, the completed landfill may —
withstand earthquake accelerations from 0.02g to 0.20g for a factor of safety of

approximately 1.3.

2.03.10 Materials Investigation

The components of the closure for the Combe Fill South Landfill will
utilize a variety of materials, including geosynthetic materials and natural soil
materials to be used in the construction of roads, the gas venting system, and
cap system. In order to evaluate the natural soil materials to be used in the
remedial program, a materials evaluation program was developed as presented
in the Field Sampling and Testing Program (FSTP) Report. The following
s.ections provide a summary of the sources and types of materials collected and

evaluated for the Combe Fill South Landfill remedial program.
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Soil Materials

As part of the materials evaluation program, a review of the availability
of natural materials likely to be used during construction of the Combe Fill
South site remedialvprogram was conducted. The United States Department
of Agriculture Soil Conservation Service and operators of local borrow areas
and quarries were contacted. Following this review, several sites were selected
for purposes of collecting samples of the materials.

A total of 11 potential sources of fnaterials were visited during the week
of January 9, 1989. Figure 2-8 shows the sampling locations. Table 2-11
presents a summary of the samples collected and the respective sources.
During that week, 34 samples of materials likely to be used during implementa-
tion of the Com‘pe Fill South Remedial program were collected. _Multiple
samples were collected from several of the potential sources. Two additional .
samples wére collected on February 3, 1989. As discussed in the FSTP, up to
five potential borrow sources for granular materials, five potential borrow
sources for low permeability material, and three potential sources of topsoil
were to be identified. Table 2-11 indicates that a total of ten potential sources
of granular materials, eight potential sources of low permeability material, and
four potential sources of topsoil were identified.

Samples were selected for laboratory analyses according to suitability for
intended purpose based on visual observations, quantity of material available,
quoted delivered cost, and proximity to the landfill site. Five granular
materials, five samples of low permeability materials, and three topsoil samples

were submitted for laboratory testing in accordance with the FSTP. Laboratory
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Figure 2-8
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TABLE 2-11

COMBE FILL SOUTH MATERIALS EVALUATION

Source Date Sample Number Sample Description Intended Use of Material Remarks
Sampled
Clay is material obtained
Dallenbach Sand Co., 1/10/89 2 Clay ** Low Permeability Material |during wet mine operation.
Box 333 4 Concrete Sand ** Drainage Layer Material As 8 result, material
Dayton, NJ 08810 5 Masonry Sand ** Drainage Layer Material availability is dependent
(201)-297-3381 on dredging process and time
required for material to dry.
Mitlington Quarry, Inc. 1/10/89 3 374 inch crushed Gas Venting Layer, Roads [Crushed rock materials obtained
Stonehouse Road : stone from quarry in Wharton, NJ.
P.0. Box 407
Millington, NJ 07946
(201)-580-3910
Dan Como & Sons 1/10/89 1 Screened Topsoil Topsoil
(201)-263-0440
] Note that samples 6 and 7
McNear Excavating 1710789 6 Common Fill ** Low Permeability Material |are of the same material.
Box M503 7 Common Fitl ** Low Permeability Material |However, these materials appear
Landing, NJ 07850 8 3/4 inch crushed Drainage Layer Material to differ significantly in

(201)-398-9232

stone

gradation. Sample 6
represents the more
predominant coarse fraction
of the materfial, whereas
sample 7 was collected from
a timited area where

soils were composed of a
larger fraction of fine

" Imateriats.

NOTES:
1.

samples obtained from source indicated.

of this investigation.

** indicates that potential supplier provided results of laboratory analyses performed for
However, these analyses were not performed as part




TABLE 2-11 (CONT

INUED)

COMBE FILL SOUTH MATERIALS EVALUATION

Source Date Sample Number Sample Description Intended Use of Material Remarks
Sampled
Tri-County Asphalt, Corp.| 1/11/89 26 3/4 inch crushed stone Gas Venting Layer, Roads
Lake Hopatcong, NJ 27 1.5 inch crushed stone Gas Venting Layer, Roads
(201)-663-2010
Berkshire valley Sand 1/12/89 28 Concrete Sand Drainage Layer Material To provide sample of topsail.
and Gravel 29 3/4 inch gravel (rounded) |Gas Venting Layer, Roads
Berkshire Valley Road 30 3/4 inch crushed rock Gas Venting Layer, Roads
Oak Ridge, NJ 3 "Clay" material Low Permeability Material
(201)-697-4800
Raia Industries, Inc. 1/12/89 32 Minus 3/8 inch Sand Fill |Drainage Layer Material
Hamburg, NJ (site) 33 3/4 in. crushed stone Gas Venting Layer, Roads
(201)-488-0500 34 Concrete Sand Drainage Layer Material
County Sand & Stone 2/3/89 36 Clay Low Permeability Material
Moorestown, NJ
(609)-234-7263

NOTES:

1. ** indicates that potential supplier provided results of laboratory analyses performed for

samples obtained from source indicated.

of this investigation.

However, these analyses were not performed as part




testing was performed by Empire Soils Investigations, Inc. located in Groton,
New York. In addition; several potential suppliers provided results of
laboratory analyses previously performed on samples collected from sources
indicated in Table 2-11. These analyses were not performed specifically as part
of this investigation. Samples taken from sources where laboratory analyses
had been performed previously were not selected for laboratory analyses in
order to avoid duplication of information and maximize the amount of
laboratory test data available. Appendix 2-9 presents the results of the

laboratory analyses.

Granular Materials

As discussed in the FSTP, it was intended to sample granular materials
to evaluate their suitability in the construction of roads and components of the
"cap system, including a gas venting layer if required. Two types of granular
materials were collected; including crushed stone and sand. It was anticipated
that the crushed stone be used in the construction of roads and, if required, the
gas venting layer component of the cap system. It is ﬁoted that the final cap
design incorporates an activé gas venting system, and a passive gas venting
layer in the cap system is not included, as previously discussed. Similarly, it is
anticipated that the sand materials may be utilized to construct the drainage
layer component of the cap. Based on results of the HELP model analyses, it
appears that sand materials may meet the minimum hydraulic conductivity

requirements for use as the drainage layer.
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It is anticipated that materials utilized for construction éf the roads will
be in accordance with the New Jersey Department of Transportation (NJDOT)
specifications. Mechanical grain size analyses for the samples coilected were
evaluated to determine their suitability for use in road construction with
respect to NJDOT specifications. Based on results of the laboratory tests, it
appears that the materials sampled do not meet NJDOT specifications for
material type I-5. The materials sampled are uniformly graded and would
likely require the addition of fine matgrials to create a well graded material.
éenerally, well graded materials are more likely to achieve higher levels of
compaction. The materials could be made suitable through the additidn of fine
grained materials. It is likely that alternate local sources of bank run materials
may meet NJDOT specifications. -

Table 2-12 summarizes the estimated hydrauﬁc conductivities for the
granular materials analyzed based on the Hazen approximation which is:

K = 100D,
where k = hydraulic conductivity (cm/sec)
D10 =diameter of particle where 10 percent of
the material passes by weight (cm)
Materials proposed for use in construction of the drainage layer and gas

vénting layer should have a minimum hydraulic conductivity of 1 x 10'2

cm/sec.
The gas venting layer is not recommended as part of the final design. In
addition, no more than S percent of the material should pass the number 200

sieve.

2-66



TABLE 2-12

COMBE FILL SOUTH LANDFILL MATERIALS INVESTIGATION

'SUMMARY OF LABORATORY ANALYSES FOR GRANULAR MATERIALS °
V SOURCE OF QUANTITY
k=1000102 |PERCENT PASSING | LABORATORY |AVAILABLE (2)
SAMPLE D10 (cm) (cm/sec) |NUMBER 200 SIEVE|ANALYSES (1) |(cubic yards)
Berkshire - 28 N/A N/A N/A N/A 40,000
Concrete Sand .
Dallenbach -4 0.027 7.3x10-2 0.9 Supplier 58,000 (4)
Concrete Sand
Dallenbach -5 0.02 ‘ 4.0x10-2 0.9 Supplier 58,000 (4)
Masonry Sand :
Mount Hope - 24 0.021 4.4x10-2 1.9 Supplier 116,000
Washed Stone Sand
pPiocosta - 17 N/A N/A N/A N/A 58,000
Concrete Sand
Piocosta - 18 0.01 1x10-2 8 Empire Soils | = 58,000
Screened Bank Run Sand
Raia Industries - 34 0.02 4.0x10-2 3.5 Supplier 116,000
Concrete Sand
Raia Industries - 32 0.01 1.0x10-2 4.8 Supplier 116,000
-3/8 sand Fill ‘
Saxton Falls - 21 N/A N/A N/A N/A 66,000
Sandy Bank Run
Urbano - 9 0.0074 (5) | 5.5x10-3 11.5 Empire Soils 116,000
Sand .
Berkshire - 29 N/A N/A N/A N/A 50,000
3/4 inch rounded gravel
Berkshire - 30 N/A N/A N/A N/A 50,000
3/4 inch crushed stone
McNear Excavating - 8 N/A N/A N/A CON/A 123,000
3/4 inch crushed stone
Millington - 3 0.1 1.21 0 Empire Soils 123,000
3/4 inch crushed stone
Mount Hope - 24 0.8 64 0 Supplier 123,000
3/4 inch crushed stone ’ :
Piocosta - 19 N/A N/A N/A N/A 50,000
1.5 inch crushed stone )
Raia Industries - 33 0.8 64 0 Supplier 123,000
3/4 inch crushed stone
Sexton Falls - 20 N/A R/A N/A N/A 26,000
3/4 inch crushed stone
Tri-County - 26 0.12 1.4 0 Empire Soils 123,000
3/4 inch crushed stone
Tri-County - 27 N/A NA | N/A N/A | 123,000
1.5 inch crushed stone | |
Urbano - 10 0.19 3.6 2 Empire Soils 123,000
1.5 inch crushed stone
NOTES:

(1) Indicates that potential supplier provided results of laboratory analyses
performed for samples obtained from source indicated.
analyses were not performed as part of this investigation.

2)

3
(%)

Indicates costs are based on

November,

based on use of both types of sands.

(5
11.5 percent pass the number

200 sieve.

Indicates supplier indicated that totsl quantity ava

Indicates estimated quantity available for 1989-1990.

1988 costs for materisl deliverd to site.
ilable may be 116,000 Cubic ysrds,

Indicates D10 estimated on percent passing the number 200

However, these

gieve, where



Based on the information presented in Table 2-12, it appears that sand
materials collected from Dallenbach Sand, Mount Hope Rock Products, and
Raia Industries meet requirements for use in construction of the drainage layer.

24073107

These samples have hydraulic conductivities ranging from 1.0 x 10°
2 cm/sec based on Hazen’s approximation. The Urbano-9 and Piocosta-18
samples had greater than 5 percent of the material passing the number 200
sieve, which make them unsuitable for use in the drainage layer without
additibnal sieving.

Table 2-12 indicates that for the crushed stone samples analyzed, the
hydraulic conductivities ranged from 1.2 to 64 cm/sec based on Hazen’s
approximation. Samples obtained from Millington, Mount Hope, Raia
Industries, Tri-County, and Urbagb appear to meet requirements for hyglraulic

2

conductivities greater that 1 x 10™ cm/sec.

Low Permeability Materials

A total of eight potential sources of low permeability material were
identified. The cap will likely incorporate a low permeability soil barrier.
Table 2-13 summarizes the results of the laboratory analyses for the low
permeability samples. Results of laboratory analyses for materials obtained
from Dallenbach Sand and McNear Excavating were provided by the potential
suppliers. These analyses were not performed specifically as part of this
investigation. Five additional samples were selected for laboratory testing in
accordance with the FSTP and included samples from Berkshire Sand and

| Gravel, County Sand and Stone, Piocosta, Saxton Falls Sand and Gravel, and
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TABLE 2-13

COMBE FILL SOUTH LANDFILL MATERIALS INVESTIGATION

; - SUMMARY OF LABORATORY ANALYSES FOR LOW PERMEABILITY SOILS

MOISTURE HYORAULIC SHEAR SOURCE OF QUANTITY APPROXIMATI
uscs DENSITY (2) PERCENT CONDUCTIVITY (2) LIQUID |PLASTIC|PLASTICITY|[STRENGTH LABORATORY [AVAILABLE (4) ] COST (5) |DISTANCE FR(‘
SAMPLE CLASSIFICATION (LB/F13) MOISTURE (2) (CM/SEC) LIMIT | LIMIT INDEX (LB/IN2) | ANALYSES (1) |(cubic yards) | (per CY) |SITE (miles.
8erkshire - 31 SM 113.2 15.1 1.37x10-5 21 20 1 3.2 Empire Soils 30,000 I $18.00 I 25
. 1.50x10-5 »
County Sand CH 89.0 27.4 1.94x10-6 a7 28 59 26.1 Empire Soils 233,000 I $20.00 | 80
& Stone - 36 2.28x10-6
Dallenbach - 2 | CH - sample 1 |114.1 - sample 1 (3) N/A 2.28x10-7:sample 1 (3) 54 38 16 N/A Supplier I 233,000 (6) I $18.00 I 35
CL - sample 2 [114.8 - sample 2 (3) N/A 2.0x10-9:sample 2 (3) N/A N/A N/A N/A Supplier
McNear - 6 SM - sample 1 |135.8 - sample 1 (3) |6.8 - sample 1| 1.02x10-4:sample 1 (3) NP NP NP NP Supplier I 233,000 I $10.00 l 15
SM - sample 2 |133.6 - sample 2 (3) |8.0 - sample 2| 1.63x10-4:sample 2 (3) NP NP NP NP, Supplier
Mount Hope - 35 N/A N/A N/A N/A N/A N/A N/A | WA N/A | 233,000 I $10.00 I 70
Piocosta - 16 SM 130.6 9.4 4.9x10-5 NP 22 NP 27.1 Empire Soils 233,000 $20.00 I 15
4.6x10-5
Saxton - 22° ML 108.3 17.3 9.5x10-6 23 20 3 24.2 Empire Soils 33,000 $8.00 I 10
9.7x10-6
Urbano - 11 (6) cL 90.6 25.5 1.2x10-7 44 24 20 28.9 Empire Soils 233,000 . $22.00 I 40
1.4x10-7 :
HOTES:
{1) Indicates that potential supplier provided results of laboratory enalyses performed for samples obtained from

source indicated. However, these analyses were not performed as part of this investigation.

Indicates that moisture density relationships and corresponding permeability tests

were performed with the 15 blow modification to ASTM D-698 unless otherwise noted.

Indicates that these tests were performed in accordance with ASTM D-1557 Method C, Modified Proctor methods.
Indicates estimated quantity available for 1989-1990. '

Indicates costs are based on November, 1988 costs for material delivered to site.

Indicates quantity available is based on efficiency of wet mining process used to obtain the material.
NP indicates Non-Plastic.

N/A indicates not ascertained.
See note from Empire Soils regarding behavior of soil observed during laboratory analyses in Attachment 1.

2)

(3)
(4)
(5)
(6)
(7N
(8)
(9



Urbano. The Mount Hope and County Sand and Stone samples were collected
at a later date than the other samples. Prior to that time‘, a total of four of the
five iow permeability samples had been selected for laboratory testing. Based
on visual inspection of the samples and available cost information, the County
sample was submitted as the fifth sample for testing.

Soil samples were analyzed for the following parameters:

Parameter Standard
Mechanical and Hydrometric Grain Size ASTM D422-64
Moisture Density Relationship ASTM D698-78 with 15-

blow modification

Remolded Permeability with Back Pressure ~ U.S. Army Corps of Engi-

Saturation neers Manual EM110-2-
1906 Appendix VII
Parameter Standard
Atterberg Liquid and Plastic Limits ASTM D4318-73

Unconsolidated, Undrained (UU) Triaxial ASTM D2850-82

Shear Strength of Compacted Samples
The 15-blow modification to ASTM D698-78 (Standard Proctor Compaction) was
used for testing of propoéed low permeability materials to model compaction of cover
material on municipal solid waste as recommended in the EPA Document 600/2-79-
165 "Design and Construction of Covers for Solid Waste Landfills". It is likely that
greater compaction could be achieved at the site due to age of the waste and existing
cover. Therefore, potential exists to achieve hydraulic conductivities less than those
measured with the 15-blow modification. The Standard Proctor Compaction Test
requires compaction of a sample in three equal layers in a standard mold. Each

layer receives 25 blows from a 5.5 pound hammer falling 12 inches. The 15-blow
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modiﬁcation to this procedure provides each layer with only 15 blows, which
represents a lesser compactive effort.

Results of the laboratory analyses provided for the Dallenbach and McNear
samples indicate that tests were performed in accordance with ASTM D-1557
(Modified Proctor Compaction). The Modified Proctor Compaction Test requires
compaction of a sample in five equal layers in a standard mold.( Each layer receives
25 blows from a 10 pound hammer falling 18 inches. The Modified Proctor
Compaction Test models a greater level of compactive effort. Therefore, the
hydraulic conductivities measured with samples prepared in accordance with
Modified Proctor Compaction- test methods may represent the lower range of
hydraulic conductivities for fhe soil.

Samples obtained from Berkshire, McNear, and Piocosta are classified as silty
sands (SM) according to the USCS. Hydraulic conductivities for these samples

5 to 1.6 x 10'4 cm/sec and are greater than the

7

ranged from approximately 1.4 x 10
maximum required permeability of 1 x 10" cm/sec for the soil barrier layers. In
addition, the McNear and Piocosta samples are classified as non-plastic. The
Berkshire sample has a plasticity index of 1. Based on the results of the laboratoi'y
analyses, it appears that these soils are not suitable for use in construction of the soil
barrier layer. However, it is possible that they could be made suitable by the
addition of bentonite.

The sample obtained from Saxton Falls is classified as a low plasticity silt (ML).
This material is a product of a crushed stone washing process at the quarry and only

a limited amount of the material, approximately 33,000 cubic yards, is likely to be

available. Laboratory results indicate that the hydraulic conductivity for the material
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is approximately 9.7 x 10-6 cm/sec, exceeding the minimum requirement for use in

construction of the soil barrier layer. The addition of bentonite could potentially
allow the material to meet hydraulic conductivity requirements.

The sample obtained from County Sand and Stone is classified as a highly
plastic clay (CH). Hydraulic conductivities for the sample were in the range of 1.94
x 100 10 2.28 x 10°® cm/sec. The material has a plasticity index of 59. Based on
information presented by Seed et al. (1962) in An Introduction to Geotechnical
Engineering by R.D. Holtz and W.D. Kovacs, the clay may have the potential to
swell. The potential to swell can be assessed through expansion or swell laboratory
tests if this is deemed necessary.

The sample obtained from Urbano is classified as a low plasticity clay (CL).

7 to0 1.4 x107

The hydraulic conductivities for the sample ranged from 1.2 x 107
cm/sec. It is important to note the observations made during laboratory analyses of
the sample by the soils laboratory. A description of the behavior of the sample is
included in Appendix 2-9. Prior to testing, the sample was dried in an oven. After
this initial drying, the sample had the appearance of cinders. Material retained on
the number 4 sieve was washed with tap water, and the material immediately
dissolved, leaving approximately 0.4 pounds of orange gravel which stained the
technician’s skin orange. According to the laboratory report, the sample had an
unusual but unidentifiable odor. Oven dried samples taken after the permeability
test had been completed indicated that the sample again had the appearance of

cinders. The samples were uneven in color, with some areas having the appearance

of still being wet or possibly containing a foreign substance. Although the hydraulic
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conductivities are near those required for construction of the soil barrier layers, the
behavior of the soil indicates that it may not be suitable for use in construction of the
cap system.

Laboratory analyses for the soils present at the Dallenbach site indicate the soil
is classified as a low to high plasticity clay (CL/CH) according to the USCS.
Hydraulic conductivities for the samples ranged from 2.0x10-9 to 2.3x10-7 cm/sec.
It is noted that the laboratory tests were performed with samples that had been
prepared to 95 percent compaction as per the Modified Proctor Compaction test.
As previously indicated, the hydraulic conductivities measured with samples prepared
in accordance with Modified Proctor Compaction test methods may represent the
lower range of hydraulic conductivities for the soil. It appears that clay soils
obtained from this site have the potential to meet the requirements for the soil
barrier layers. However, the material is obtained as a result of a wet mining process
used to obtain sand material from adjacent soil layers. Consequently, the quantity
of material available may be dependent on the efficiency of the mining operation and
time required to dry the material following mining. In order to assess the hydraulic
conductivity of the soil with the 15-blow modification to the Standard Proctor

Compaction test, additional testing will need to be performed.

Topsoil

A total of four potential sources of topsoil were identified. Table 2-14 presents
the results of laboratory tests performed on three of the potential topsoil sources.
The source from which the Urbano topsoil sample was obtained is likely to change.

In that case, additional analyses would be required to evaluate the suitability of the
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PERCENT PASSING
NUMBER 200 SIEVE

MOISTURE DENSITY (1)
(LB/FT3)

Phosphorous, available
(mg/Kg)

Potassium, available
(mg/Kg)

Magnesium, available
(mg/Kg)

Calcium, available
(mg/Kg)

Iron, available
(mg/Kg)

Aluminum, available
(mg/Kg)

Manganese, available
(mg/Kg)

2inc, available
(mg/Kg)

(mg/Kg)

Organic Matter
LOI percent
NO3, available
(mg/Kg)
NH3, available
(mg/Kg)

CEC-NH40AC
cmol/Kg
Exchange Acidity
(cmol/Kg)
QUANTITY AVAILABLE (2)
(cubic yards)

APPROXIMATE DISTANCE
' FROM SITE (miles)

TABLE 2-14

COMBE FILL SOUTH LANDFILL ‘MATERIALS INVESTIGATION
SUMMARY OF LABORATORY ANALYSES FOR TOPSOIL

SAMPLE
PIOCOSTA-14

SAMPLE
URBANO-13 (5)

-----------------

-----------------

-----------------

NOTES:
N

modification to ASTM D-698 (Standard Proctor Compaction).

(2)
3
(4)

indicate a negative result.

(5)
6)

Indicates estimated quantity available for 1989-1990.
Indicates costs are based on November, 1988 costs for material delivered to site.
A minus sign indicates analyte at limit of detection, it does not

Indicates source of material likely to change.
N/A indicates Not Ascertained.

Indicates that moisture density relationships were performed with the 15-blow




topsoil from the new source if that source was selected for use in the cap system. A
topsoil sample to be sent by Berkshire Sand and Gravel did not arrive and was not
included in the laboratory testing program. In addition, the other suppliers had
indicated that the entire quantities required could be supplied and were, therefore,
considered to be preferable sources.

The topsoil will promote growth of a vegetative layer which will stabilize the
cap, promote run-off, maximize evapotranspiration, minimize infiltration, and
minimize soil erosion. In addition, the topsoil should be capable of supporting a
vegetative species which is adapted to the climate of the region, relatively quick
growing, shallow rooted, able to grow year round, self ‘propogating, and require a
minimum of short and long-term maintenance.

The samples were anélyzed for the parameters listed in Table 2-14. In order
to evaluate the suitability of these soils for support of the vegetative species on the
landfill cap system, the Morris County Soil Conservation Service was contacted. A
copy of the correspondence from the Soil Conservation Service is included in
Appendix 2-9. Results for the third topsoil sample from Urbano were not available
at the tir'né_ the other test results were forwarded to the Soil Conservation Service.
According to the Soil Conservation Service, the levels of the macronutrients nitrogen
(N), phosphorous (P), and Potassium (K) and micronutrients are unusually low for
the Como and Piocosta samples. In addition, the pH levels are 1 or 2 units higher
than is typical for the upland soils in Morris County. The organic matter levels are
within the normal range for the A horizon of most of the well-drained soils in Morris

County. The cation exchange capacity (CEC) levels- were low for the Como and
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Piocosta samples. Based on recommendations by the Soil Conservation Service, it
appears that the materials are suitable as a growth medium for sod.

Levels of the parameters evaluated for the Urbano sample were generally
within the ranges of those measured for the Como and Piocosta samples with the
exception of potassium (K), iron (Fe), aluminum (Al), manganese (Mn), organic
matter, nitrate (NO3), and cation exchange capacity, which were detected at higher
levels. The pH level for the Urbano sample was 5.12, slightly lower than the levels

measured for the Como and Piocosta samples.

Synthetic Material_s

As part of the materials evaluation program, a review of synthetic materials to
be used in the construction of ‘t.he cap system was performed. The materials
evaluated include geomembranes, geotextile, and geosynthetic materials likely to be
utilized as the surface water collection removal systems (SWCR). A discussion of
geomembrane of materials evaluated for use as the Flexible Membrane Cover
(FMC) is presented in Section 2.03.03. Based on frictional, stress-strain characteris-
tics, and low tempefature brittleness values, the use of LDPE material as the FMC
is recommended.

Geotextile materials proposed for use in the cap system as geosynthetic filters
were evaluated. Generally, thesé materials consist of nonwoven polypropylene.
Typical properties of geotextile materials designed for separation, reinforcement,
drainage, and filtration were used to determine if the material would meet
requirements for permittivity and filtration for use in the cap systems based on
results of. the HELP model runs. It is likely that several geotextile fabrics are
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capable of meeting the appropriate filter criteria. In addition, it appears that the
materials have sufficient strain at rupture to avoid failure due to settlement for the
conditions modeled. It is recommended that the geotextile material have a minimum
unit weight of 12 oz/yd2 Correspondence with technical representatives of geotextile
manufacturers indicates that heavier geotextiles are more likely to withstand
construction activities in satisfactory condition than lighter weight materials.

Two types of materials were evaluated for use in the cap system as the surface
water collection/removal system (SWCR). These materials include geonet material
manufactured of HDPE and a geocomposite material manufactured from HDPE with
geotextile materials heat sealed over both sides of the geonet. The properties of
Gundnet XL-4 were used to evaluate the geonet. Properties corresponding to Tenax
TNT material were used to evaluate the geocomposite material. As previously
discussed, this is not meant to specify these materials in particular. The properties
were used as a basis for determining the general material properties of such
materials. Based on analyses performed and available information, it appearé that
the geonet material manufactured by Gundle or a material with similar characteris-
tics will provide sufficient tran.smissivity for use as the SWCR layer. It is noted that
information regarding the tensile sfrength of the geonet material was requested from
the manufacturer to evaluate thé likelihood of failure due to shear of the geonet and
if the material has sufficient strain at rupture to avoid failure due to settlement.
However, this information does not appear to be readily available.

Based on available information, it is likely‘ that the geocomposite material
Tenax material or a material with similar characteristics would have tensile

properties sufficient to avoid failure due to shear or due to settlement. However,
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analyses based on available information indicate that the material may not provide

sufficient transmissivity.

Gabions

Gabion walls used as retaining structures to stabilize the cap system near the
edge of waste decrease additional quantities of materials required for cap construc-
tion beyond the limit of waste deposits. Manufacturer’s literature provided by
Maccaferri Gabions was reviewed, although, this is not meant to specify Maccaferri
gabions in particular. Maccaferri heavy duty gabions are recfangular baskets made
of zinc-coated steel wire mesh of double twist hexagonal weave having openings of
3.25 by 4.50 inches. Each gabion is subdivided into cells of equal size by diaphragms.

At the construction site, the gabions are unfolded and assembled by lacing the
edges together and fixing the diaphragms to the sides. ;Fhe individual gabion units
are then laced to each other and filled with stone larger than the openings in the
mesh, generally ranging from 4 to 8 inches in diameter. The lids are then closed
and laced to the top edge of the individual gabions.

Maccaferri also manufactures gabions with a PVC coated mesh. Due to their
greater resistance to corrosion, it is recommended that these gabions be used at the
landfill as the manufacturer indicates that these gabions be utilized in cases where
the soil or water is acidic, in salt or brackish watef, or wherever the risk of corrosion
is present;

Table 2-15 summarizes potential suppliers for material which may be used to
fill the gabions. It is noted that no samples were collected from these potential

suppliers. Manufacturer’s literature from Maccaferri Gabions indicates that materials
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used to fill the gabions should rrieet the structural, functional, and durability
requirements of the project. The selected stone must be weather resistant, non-
firable, insoluble, and sufficiently hard to ensure the durability of the structure.
Based on information presented in Table 2-15, it appears that there are several
sources which are capable of supplying the estimated quantities of stone suitable for

use in gabion construction.

Summary

Results of the materials investigation indicate that sufficient quantities of
materials likely to be used in the construction of the topsoil, vegetative, and drainage
fayers and gabion walls appear to be available within a 35-mile radius of the site.
Samples collected for use as low permeability material to be used in the construction
of the soil barrier layer were tested in the l'abofatory with the 15-blow modification
to the Standard Proctor Compaction test in order to model the compaction of cover
material on municipal waste. Based on the results of these tests, several of the
samples do not appear to be suitable for use in the construction of the soil barrier
layer with respect to the measured hydraulic conductivities. )However, it is possible
.that these materials could be made suitable through the addition of bentonite. In
addition, it is likely that greater levels of compaction could be achieved at the site
due to age of the waste and the presence of an existing cover.

Laboratory analyses for soils available from the Dallenbach Sand and Stone site

9423x1077

indicate that the hydraulic conductivity ranges from 2.0 x 10° cm/sec.
It appears that these soils have the potential to meet the requirements for use in the
construction of the soil barrier layers. However, the quantity of material available
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TABLE 2-15
COMBE FILL SOUTH MATERIALS INVESTIGATION
SUMMARY OF POTENTIAL SOURCES FOR GABION FILL MATERIAL

| SAMPLE |  QUANTITY | cosT | APPROXIMATE ]
| |AVAILABLE (1) | (per cubic yard) (2) | DISTANCE FROM SITE |
| |[Ccubic yards) | | ({miles) |
I !
| I I | I
|McNear Excavating | 22,000 | $15.00 | 15 |
I I I | I
e !
I I | | I
|Millington Quarry | 22,000 | $21.00 | 15 |
| I I ! I
e !
I I | | I
|Piocosta Sand and Gravel ] 22,000 | $22.00 | 15 |
| | I ! I
-+ |
I | I | I
|Raia Industries | 22,000 | $26.00 ] 30 |
I I I I I
e |
| | I ! |
[Saxton Falls Sand and Gravel | 22,000 | $20.00 | 10 |
| I I I I
e !
I I I I I
|Tri-County Asphalt | 22,000 | $17.00 | 20 |
I I I I I
- !
| | | L

|urbano | 22,000 ] $22.00 | 25

NOTES:
(1) Indicates estimated quantity available for 1989-1990.
(2) Indicates costs are based on November, 1988 costs for material delivered to site.



may be dependent on the efficiency of the wet mine operation used to obtain thé
soil. In general, it appears tha;t sufficient quantities of material with the potential to
meet requirements for the soil barrier layer through the addition of bentonite are
available within a 35-mile radius of the site.

Geosynthetic materials proposed for use in the construction of the cap system
were also evaluated. In general, it appears that a LDPE material is acceptable for
use as the FMC component of the cap system. LDPE material appears to be more
advantageous in cases where the FMC is likely to be subjected to .significant
settlements because of their more favorable stress-strain characteristics. In cases
where chemical compa;ibility is of a concern, the use of HDPE materials may be
more favorable because of their resistance to a wider range of chemicals. Recogniz-
ing that a 2 foot thick soil barrier layer will likely separate the waste layer from the
FMC in the selected cap design and that settlement of the cap system is a concern,
a FMC manufactured of LDPE is most appropriate.

Geotextile materials manufactured of nonwoven polypropylene or polyester
appear to meet requirements for permittivity and filtration in the cap system.
Several geotextile fabrics are capable of meeting the appropriate filter criteria.

Geosynthetic materials evaluated for use in the cap system as the surface water
collection/removal system (SWCR) include a geonet material manufactured of
HDPE and a geocomposite material consisting of a geonet manufactured of HDPE
with geotextile materials heat sealed over both sides of the geonet. Based on the
analyses performed and available information, it appears that the geonet has the
ability to provide sufficient transmissivity for the SWCR layer. However, information

regarding the tensile strength of the material was not available and the likelihood of
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failure due to shear of the geonet could not be evaluated. The geocomposite

material did not appear to provide sufficient transmissivity for the SWCR layer.

2.04 Grading Plan

2.04.01 Final Grade

The proposed final grades are shown on Sheet 2 of the Design Drawings.
During placement of thé final cover, top slopes will be graded to a minimum
of four percent and side slopes to a maximum of vertical on 4.5 horizontal to
ensure proper drainage, control erosion, and minimize infiltration as discussed
in the Promotion of Drainage and Minimization of Erosion or Abrasion

Section of Section 2.03.05. A maximum slope of 1 vertical on 4.5 horizontal

'was selected based on results of stability analyses of the cap components. It

is noted that maximum slopes of 1 vertical of three horizontal are acceptable

according to the New Jersey Administrative Code (NJAC) 7:26-2A.8(b)(5).

2.04.02 _Gabion Walls

In order to minimize the amount of refuse to be relocated and the
amount of embankment material required to achieve final grades, and meet
grading criteria imposed by the presence of wetlands and a right of way, it was
determined that the construction of a retaining or gabion wall was required at
the limits of the capped areas. Construction of a retaining or gabion wall will
prevent the side slope of additional embankment material from extending into

the wetland areas and the New Jersey Power and Light right-of-way.
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A series of analyses were performed to develop preliminary retaining and
gabion wall designs. In addition, cost estimates were prepared for construction
of gravity retaining, cantilever retaining, and gabion walls on a per foot basis.
Based on available information during the initial stages of the preliminary
design, it was estimated that a wall with a maximum height of nine feet was
required. The costs estimates were. based on literature from Maccaferri

Gabions and 1989 Means Site Work Cost Data and are as follows:

Estimated Cost of Construction

Type of Wall Wall Height per Construction Foot
Gravity Retaining 9 ft. $210.00
Cantilever Retaining 9 ft. -$235.00
Gabion 9 ft. $ 85.00

Gabion ' 6 ft. $ 60.00

The cost estimates indicate that a nine foot high gabion wall costs
approximately 35 percent of the cost to construct a gravity or cantilever
retaining wall. Therefore, it appears that the gabion wall is most cost-effective.
Modifications to the preliminary grading plan showed that a six foot high
gabion wall would be sufficient. The cost of construction on a per foot basis
for a six foot high gabion retaining wall is estimated to be $60.00. Given the
relatively large difference in construction cost between the gabion and gravity
or cantilever retaining walls for the nine foot high walls, it is anticipated that
the gabion walls are the most cost-efficient for a wall height of six feet.

The gabions will consist of PVC coated steel wire mesh cages filled with

stone four to eight inches in diameter.
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2.05 Subsurface Water Controls

A system of drainage pipes will be installed in the drainage layer to promote
more rapid flow of water within the layer. The pipe drainage system consists of four
inch diameter perforated and solid poly-vinyl chloride pipe (PVC) and directs flow
toward the perimeter drainage ditch. Analyses performed for the subsurface
drainage system are presented in Appendix 2-10. The lateral spacing of the pipe was
determined in accordance with recornmendatior;s presented in the Soils Mechanics
Design Manual 7.1 prepared by the Department of the Navy. Based on the
conditions modeled, a maximum lateral spacing of 170 feet was determined for areas
with minimum slopes of four (4) percent. Laterals placed at this spacing will
promote more rapid dissipation of water in the layer. In addition, the laterals will
improve the stability of the more steeply graded slopes by minimizing the length of

the drainage path.

2.06 Surface Water Controls

2.06.01 Existing Drainage Conditions

The Combe Fill South Landfill site is located within the drainage basin
of Trout Brook at the head waters of west and east branches of Trout Brook
as shown on Figure 2-9. Trout Brook flows southeast toward the Black River.
Tanners Brook flows northeast of the landfill to its junction with the Black

" River. The Black River flows to the south where it joins Trout Brook
approximately 1.5 miles southeast of the landfill and flows south to the Raritan

River. The site is situated on a local topographic high and surface waters drain
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radially from the site. The total drainage area occupies approximately 351
acres divided into three sepafate sub-areas; 1, 2, and 3, as shown on Figure 2-9.

Subarea 1is comprised of approximately 247 acres of which 235 acres are
woods covered. The remaining 12 acres are primarily brush and grass covered.
This area drains southwest to the West Branch of Trout Brook discharging
under Parker Road via an éxisting 48-inch reinforced concrete culvert. There
are two additional culverts within this drainage system including a second 48-
inch reinforced concrete pipe immediately upstream of Parker Road and a 21-
inch reinforced concrete pipe approximately 1500 lineal feet upstream of the
Parker Road crossing as shown on Figure 2-10.

Subarea 2 is comprised of approximately 97 acres, of which 47 acres are
forested. The remaining 50 acres are primarily brush and grass covered. This
area drains to the East Branch of Trout Brook discharging under Parker Road
via an existing 24-inch reinforéed concrete pipe cuNert and storm system.

Subarea 3 includes a small section of the northeast corner of the landfill.
Approximately 7-acres drain to the northeast toward a small unnamed tributary

of the Black River. The ground cover consists of a mixture of brush and grass.

2.06.02 Cap System Surface Water Controls

Surface runoff from the éapped areas of the landfill will be directed to
the site perimeter drainage ditch. Surface water diversion ditches will be
installed on the cap to minimize erosion. Potential erosion losses were

estimated using information regarding the Universal Soil Loss Equation as

presented in the Standards for Erosion and Sediment Control in New Jersey.
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Based on the conditions modeled, it was determined that erosion loss would be
small following the establishment of a grass cover. However, guidelines
presented in the EPA document Covers for Uncontrolled Hazardous Waste
Sites recommend that diversions should be provided whenever the vertical
interval (height) of any one (1) vertical on two (2) horizontal through one (1)
vertical on five (5) horizontal slopes exceeds 15 feet. Therefore, surface water
diversion ditches will be installed at 15 foot changes in elevation. Cap drainage
ditches lined with rip rap will convey surface flows to the perimeter drainage
ditch. In areas where gabion walls are constructed on the site, perimeter
~ surface runoff will flow downward through the gabion walls tdwards the
perimeter drainage ditch: Rip-rap channels will direct surface flows along the
more steeply graded portions of the landfill cap towards the perimeter drainage

ditch.

2.06.03 Storm Runoff Flow Analysis

A storm runoff flow analysis was performed utilizing the TR-55 program
"Urban Hydrology for Small Watersheds" developed by the Soil Conservation
Service. A 25-yéar 24-hour storm frequency yielding 5.8 inches was used to.
evaluate the flow capacities of the existing systems. This storm was determined
based on requirements for Design of Sanitary Landfills presented in N.J.A.C.
7:26-2A(f)(3). Runoff calculations were computed to estimate storm flows

prior to and after site remediation.

2-82



TABLE 2 - 16

Combe Fill South Landfill
Morristown County, New Jersey

RESULTS OF STORM RUNOFF FLOW ANALYSIS (1)

Pre-Construction Post-Construction
Number of Peak Flows (Cubic Peak Flows (Cubic
Drainage Area Acres Feet per Second) (2)  Feet per Second
1 135
136 cfs (13.2 hours) 137 cfs (13.2 hours)
1 112
2 97 54 cfs (12.6 hours) 63 cfs (12.6 hours)
3 7.5 6 cfs (12.6 hours) 8 cfs (12.6 hours)
Notes: (1)  Peak flows based on results from TR-55 program "Urban Hydrology

for Small Watersheds" developed by the Soil Conservation Service.

(2)  Indicates the corresponding time to peak flow during a 25-year 24-hour
storm.



TABLE 2-17

' Combe Fill South Landfill
Morris County, New Jersey

ESTIMATED CAPACITIES OF EXISTING CULVERTS

Distance from

Invert to Headwater/Diameter  Flow Capacity
Drainage Pipe Centerline of (HW/D) (Type 3 (Inlet Control)
Area Pipe Dia. Material Length Slope Road Entrance Type)
I 21-inch RCP 28 0175 2.75 16 ft. 17 cfs.*
1 48-inch RCP 29 0231 50 1.25 ft. 105 cfs.*
I 4-inch RCP 50 006 74 1.85 ft. 152 cfs.*
@ Parker Rd.
I 24-inch @ RCP 42 018 8.0 40 ft. 45 cfs.*
Parker Rd.
11 24-inch RCP 128 029 ' 35 cfs.**
| 15-inch RCP 38 034 , 10 cfs.**
1 30-inch RCP 174 029 60 cfs.**
'otes:
1) RCP indicates reinforced concrete pipe. ) -

2)*  Q discharge determined from Chart No. 2 of the "Hydraulic Charts for the Selection of Highway Culverts" for inlet
control developed by U.S. Department of Transportation - Federal Highway Administration.

3) **  Flow capacities determined from flow charts developed by U.S. Department of Commerce, Bureau of Public Roads -
"Design Charts for Open-Channel Flow". Flow based on full pipe flow at respective slopes using a roughness n = 0.012.



2.06.04 Results of Storm Runoff Flow Analysis

Results of the storm runoff 'analysis are presented in Table 2-16.
Detailed results of the computer analyses are included in Appendix 2-11.
Table 2-17 summarizes data collected to determine capacities of the existing
culverts. Based on downstream conditions, it is anticipated that pipe capacity

will be determined by the inlet control.

Subarea 1 Surface Water Runoff Control

As previously discussed, there are three culverts within the Subarea 1
drainage system. The 48-inch reinforced concrete pipe discharging under
Parker Road carries all flows upstream draining to the West Branch of Trout
Brook. The culvert appears to be in good condition with an estimated capacity
of 152 cfs. Based on a peak flow of 136 cfs for the conditions modeled, the
culvert is estimated to have an additional 16 cfs of reserve capacity. Therefore,
it appears that the culvert is adequate as it presently exists.

‘The 48-inch reinforced concrete pipe immediately upstream of Parker
Road is located under a section of road that appeérs to be abandoned or used
on a limited basis. Table 2-16 ind_icates that this culvert has a capacity of 105
cfs which is 31 cfs less than the pre-construction peak design storm flows. The
culvert appears to be in good condition.

The 21-inch reinforced concrete pipe is located under a private
residential drive approximately 1500 lineal feet upstream of Parker Road on
the West Branch of Trout Brook. The culvert appears to be in good condition.

Field observations indicate that storm flows have exceeded the capacity of the
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pipe and topped over the road. Based on the runoff analysis using a 25-year
24-hour storm, flows may peak to approximately 60 cfs at this point in the
drainage system. The existing pipe’s capacity is estimated to be 17 cfs. This
culvert currently appears to be undersized, prior to any site remediation.
Several alternatives which would control excess flow were evaluated
including construction of a detention basin, construction of larger culverts, and
construction of a culvert parallel to the existing culvert. A detention basin
located at the northwestern corner of the site with a storage of 4.97 acre feet
has been incorporated into the design. This detention basin will release flows
equal to the predeveloped runoff for the 25-year, 24-hour storm when a runoff-
curve number (CN) of 79 is used. A detailed discussion of the determination

-

of the CN is presented below.

Subarea 2 Surface Water Runoff Control

As previously discussed, a 24-inch reinforced concrete pipe exists in the
subarea 2 drainage system. Figﬁre 29 indicafes that the East Branch of Trout
Brook discharge to a small storm system. Th'e-2‘4-inch culvert is located at the
entrance to the system. Table 2-17 indicates that the culvert has a total
capacity of 45 cfs. The remaining storm System appears to be privately
installed and owned and consists of 24-inch and 30-inch reinforced concrete
pipes. A 15-inch reinforced concrete pipe discharging to grade was installed
at the existing drainage structure on the south side of the Parker Road. The
storm sewer system’s 24-inch and 15-inch reinforced concrete pipe have a

combined capacity of 45 cfs.
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Estimates indicate that flows to the 24" culvert under Parker Road for the
pre-developed 25 year storm event are approximately 54 cfs. It appears that
the system has performed sufficiently in the past. This may be attributed to
natural detention behind the culvert. Estimates indicate that without. detention,
flows following site remediation will increase by approximately 40 cfs. It is
anticipated that this additional volume will significantly impact the performance
of the culvert. For this reason, a detention basin with a total storage of 5.6
acre feet has been designed to be installed in the JCP&L Right of Way on the
south eastern portion of the site. This facility is sufficiently sized to discharge
flows at pre-development rates for a 25-year, 24-hour storm when a CN of 79
is used.

| It is noted that the anélysis was performed based on design stofms of a
25-year 24-hour frequency. A short term effect _of a storm of greater
magnitude may result in runoff sheet flow over Parker Road. It is anticipated
that upstream flooding would be contained within the wetland areas and would
not cause flooding of residential dwellings. Flooding would most likely be

contained within the centerline elevation contour of Parker Road.

Determination of Curve Number (CN) for Runoff

The runoff curve number (CN) of 79 used to perform drainage
calculations was chosen at the direction of the New Jersey Soil Conservation
Service. It is likely that a CN value of 67 would be more appropriate. This
opinion is based on the Soil Conservation Services "Cover Description and

Curve Number Charts". The charts recommend using values in the upper 70’s
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and low 80’s for surfaces such as asphalt streets, roads and hard packed dirt.
Therefore, it is believed that a more representative CN value allowing for flow
resistancé could have been used. By using a lower number, flow values
decrease dramatically. A comparison was done between using a CN value of
79 and one of 67 for the 10 year - 24 hour storm event contributing to drainage
point "C". A flow of 70 cfs was calculated for the storm with a CN of 79. By
changing the value of 67, the flow as found to be 43 cfs, a reduction of
approximately 39 percent. The required detention volume at this location is
also affected, being reduced from 4.8 acre feet (AF) to 2.5 AF if the CN
number is reduced from 79 to 67. Because of the large difference in calculated
flows by using the CN value of 79, the detention basins are.r_nost likely
overdesigned. In addition, the flows listed in Table 2-16 will not necessarily be

indicative of actual storm flows.

On-Site Detention Facilities

In order to control increased ruanf from the site caused by development,
three on-site dptention basins have been proposed. The post-developed site
conditions were analyzed for the 25 year - 24 hour storm event. Ruﬁoff was
directed through lined open channels to the basins. Principal and emergency
spillways were designed in accordance with Sections 4.07.01 and Appendix A10
of the Standards for Soil Erosion and Sedfrnent Control in New Jersey. A
detention basin is located on the north side of the site and detains 0.80 AF.
Discharge is directed through a 12" diameter reinforced concrete pipe (RCP)

at a slope of 0.001 ft/ft to an unnamed tributary to Tanners Brook. A second
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2.07

deténtion basin is located on the southeast side of the site in the JCP&L Right
of Way and detains 5.60 AF. This basin is comprised of two individual basins
interconnected by a 36" dia. RCP. The purpose of the "split" facility was to
provide for adequate storage while maintaining a 50’ easement from powerline
towers without requiring construction activities on private property or
designated wetlands. This is in accordancc; with discussions held with the
NJDEP. Outfall is via a 21" dia RCP at 0.002. This discharge is directed to
the east branch of Trout Brook. A third detention basin is located on the
northwest side of the site a.nd detains 4.97 AF. Discharge is directed through
a 12" diameter RCP at a slbpe of 0.005. Energy dissipators are located

downstream of the outfall.

Site Access

Access to the Combe Fill South Landfill will be provided by a 24 foot wide

gravel road from Parker Road. The maximum grade of the access road is 9.93

percent. The location of the road is shown on Sheet 4 of the Design Drawings. A

12 foot wide gravel road with a maximum grade of 9.62 percent will be constructed

surrounding the capped areas and provide access to the cover system and gas and

ground water collection and treatment systems. All-terrain vehicles may be used to

access the capped areas of the landfill. General site access is described in Section

9.

2-87



‘ '

2.08 Site Securi

The Record of Decision (ROD) mandates that a security fence be installed to
restrict ‘site access. An 8-foot high chain-link fence topped with one foot of barbed
wire will be installed surrounding the remediated site areas, the ground water
treatment facility, and the building housing the exhausters and enclosed flare for the
gas treatment and collection facility.. Access to the site will be controlled by a
locking gate located at the junction of the proposed paved access road and Parker
Road. |

Appropriate signs warning that the site is a remediated hazardous waste site
will be located around the site perimeter at 50 foot intervals, or as often as required

depending on the line of sight to discourage trespassers.

2.09 Summary

The design for the cap system to be placed on the Combe Fill South Landfill
has been prepared to meet Federal regulations set forth in 40 CFR 264.310, State of
New Jersey Regulations set forth in NJAC Subchapter 11, Section 7:26-11-4 and
technical guidelines developed by the USEPA.

The preliminary design of the cap system was developed based on the analyses
of the performance of the entire cap components of ten (10) proposed cap system
designs. Cap performance was modeled using the HELP model. Individual
cornponerits of the various cap systems were analyzed utilizing mefhods presented in
the document "Geosynthetic Design Guidance for Hazardous Waste Landfill Cells

and Surface Impoundments" prepared for the USEPA.
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Utilizing the initial results of the analyses of the performance of the various cap
"systems and the cap system components, and the ability to meet the applicable
regulations, two cap systems were sélected for additional analyses. Cap system E,
consisting from the surface down of six inches of topsoil, and 18 inch vegetative layer,
a geotextile filter, a 12 inch drainage layer, a 30 mil synthetic liner a 24 inch soil
barrier layer and a geotextile filter was recommended for installation in areas where
the slopes are 1 vertical on 6.5 horizontal (15 percent) or less. Cap system F, which
is identical to Cap system E with the exceptions that the synthetic liner is eliminated
and a geotextile filter is incorporated between the soil barrier layer and the drainage
layer, was recommended for installation over the remainder of the site where slopes
will be graded to a maximum of 1 vertical on 4.5 horizontal (22 percent). Due to site
constraints imposed by property boundaries, a power line right of way, and wetlands,
a gabion retaining wall was designed in order to allow grading criteria to be met
while minimizing refuse grading and off-site embankment material.

The additional analyses reflected modifications incorporated at the direction
of the NJDEP. These included the installation of a 40 mil synthetic liner in lieu of
the o;iginally proposed 30 mil liner, and limiting the extent of synthetic liner to
slopes of 10 percent or less. The analyses indicated that the proposed cap systems
will meet all regulatory requirements and achieve acceptable factors of safety against
sliding of cap system components. An analysis of overall slope stability and
foundation stability was also performed utilizing the computer program "STABR".
These analyses indicate that the proposed geofnetry and cover systems will provide

acceptable factors of safety against slope and deep foundation failure.
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In addition to the analyses of cap performance, cap components and slope and
| foundation stability, an investigation of the availability of construction materials was
conducted. This investigation indicated that sufficient quantities of materials likely
to be used in the construction of the topsoil, vegetative, drainage layers, and gabion
walls appear to be available within.a 35-mile radius of the site. There does not
appear to be a sufficient quantity of natural soil capable of meeting the criteria for
use in the soil barrier layer located within an economically feasible haul distance of
the site. However, sufficient quantities of soil capable of meeting the requirements
for the soil barrier layer through the addition of soil bentonite are available within
an economic haul distance of the site.

An analysis of storm water runoff performed in accordance with direction
provided by the Morris County Soil Conservation District resulted in the design of

detention basins at two locations on the site.
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SECTION 3 - LANDFILL GAS COLLECTION AND TREATMENT SYSTEM

3.01 General

The ROD for the Combe Fill South Superfund Site mandated that as part of

the site closure, an active gas extraction and venting system be installed at the site.

This section of the Design Report presents the basis of design for this system.

3.02 Gas Generation Rate

The rate of landfill gas generation is dependent on several factors including:

Refuse quantity;
Refuse composition;
Refuse age;

Temperature in the landfiil;'

" Quantity and quality of nutrients;

pH and alkalinity of liquids in the landfill.

The generation of landfill gas is often modeled by a first order kinetic decay

equation of the form:

Where:

L= Loe'kt

L = Quantity of gas generated in year of interest

Lo = Steady state gas generation rate

t = Time generating at steady state rate relative to year of inter  est

k = A constant which is a function of the half life of the refuse



The remedial invéstigation (RI) performed for this site indicated that the
majority of refuse had been placed from 1972 through 1981. The RI further
indicated that the average rate of refuse placement had been 45,000 cubic yards per
month or 540,000 cubic yards per year. Assuming a typical unit weight for refuse of
1,100 pounds per cubic yard, this amount converts to 297,000 tons per year. This was
rounded to 300,000 tons per year.

In a paper titled "Predicting Gas Generation From Landfills" by Robert K.
Ham it is reported that total gas production rates may range from 3.1 to 37
liters/kilogram - year (1/kg-yr) which corresponds t;) a range from 1.89 x 10" cubic

3 cf/ton-min. In the interest of

feet/ton - minute (cf/ton-min) to 2.254 x 10°
conservatism, the upper limit of this range was selected for these analyses. Ultilizing
this value and the placement rate of 300,000 tons per » year, the steady state
generation rate for gas placed during a given year may be calculated as 659.7 cubic
feet per minute.

A paper titled "Fundamentals of Decomposition and Gas Generation in Land-
fills" by Grahame Farquhar indicates that it can take from 6 to 18 months for a mass
of refuse to reach its steady state generation rate. An average value of one year was
selected for this analysis. As an example, refuse placed during 1975 would not reach
its steady state generation rate until 1976. If the year of interest is 1989, this means
that the refuse placed during 1975 has been generating at a steady state for a period
of thirteen years relative to the year of interest. Therefore, a t of 13 would be used
in the above equation.

The final term in the equation is the constant k. This is a function of the half
life (t%) of the refuse. k is determined by setting ekt = 0.5, substituting the half life
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for t and solving for k. The half life is dependent on the composition of the refuse
and on the conditions under which decomposition is occurring. In Methane
Generation and Recovery from Landfills by Emcon Associates, information is
presented indicating that readily decomposable organics (food and grass) which may
make up approximately 35% of the total organic fraction of the landfill, may have
a t% between one and nine years. The same source indicates that moderately
decomposable organics, (paper, wood aﬂd textiles) which typically comprise 61% of
the total organic fraction have a t¥2 on the order of two years. Emcon further
indicates that the remaining .component of the organic fraction of the landfill,
refractory organics (plastic and rubber) may have a tY2 between 20 and 36 years.

The values presented by -Emcon compére favorably with those presented by
Ham in a paper titled "Gas Quantities and Chemical Characteristics". In that paper,
a half life ranging from .5 to 1.5 years is presented for readily decomposable
materials while a range from five to 25 years is presented for moderately decompos-
able materials.

The calculations performed for this site evaluated half lives of 2, 5, 25 and 36
years. These were selected to reflect a representative range for the moderately
decomposable fraction of the refuse, récognizing this fraction would likely compose
the greatest portion of the refuse placed at Combe. Given the short half lives
associated with the readily decomposable fraction of the refuse and the fact that
more than six years has elapsed since refuse was last placed at the Combe site, this
fraction of the refuse was not modeled separately. Similarly, given the small amount
of organic refuse composed of refractory organics, this fraction was not modeled

separately.



Calculations were performed by assuming a half life and solving for k. A year
of interest was selected and a methane generation rate calculated for that year for
each 300,000 tons of refuse placed yearly from 1972 through 1981. The generation
rates in the year of interest for each 300,000 tons of refuse placed from 1972 through
1982 were then summed to provide an estimate of the total rate of gas being
generated in the year of interest. Detailed calculations are included in Appendix 3-1
to this report. Figure 3-1 graphically shows the results of these analyses. For 1989,

the calculated gas generation rates are as follows:

Gas Generation Rate (cubic feet per

Assumed Half Life (t'2) (Years) minutes)
2 _ 198
5 1485
25 4934
36 5427

It is likely that these humbers are conservatively high. The upper limit of the
stated range of gas generation rates was used to calculate these values. The analysis
assumes that the entire qﬁantity of refuse placed in a given year was moderately
decomposable refuse. As previously discussed, typical refuse is composed of
approximately 60% moderately decomposable refuse while 35% is composed of
readily decomposable material. Given the short half-life of readily decomposable
fraction and the time since refuse deposition ceased, it is unlikely that it is having a
significant effect on gas production at this site. Due to the limited quantity of

refractory organics, typically on the order of 4 to 5%, it is also unlikely that they are

having a significant impact on methane generation.
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‘ The following table, extracted from a paper by Ronald Lofy titled "Methane

Gas Recovery/Treatment for Use as a Fuel," shows actual recovery rates ranging

from approximately 350 CFM to 5,600 CFM.

Location
Azusa, CA
Wilmington, CA
Monterey Park, CA
Los Angeles, CA
City Industry, CA
Mountain View, CA

Area of Gas AQerage Landfill Approximate Gas

Extraction Depth Extraction Rate
37 Acres 130 Feet 350 CFM
38 Acres 60 Feet 850 CFM
150 Acres 250 Feet 5,500 CFM
36 Acres 120 Feet 2,000 CFM
120 Acres 35-40 Feet 400 CFM

40 Feet 700 CFM

30 Acres

The information reported for these sites is circa 1979. In the same paper,

information is presented regarding a landfill in Cinnaminson, New Jersey.

Cinnaminson is near Philadelphia, approximately 55 miles south west of Combe Fill

South. According to this article, the landfill had an area of 64 acres with an average

depth of 60 feet. Refuse placement had started in 1949 and as of 1979 was continu-

ing in one section of the fill adjacent to the area in which gas recovery is occurring.

As of 1970, approximately 2.5 million tons of waste were in place. The site had a gas

migration control system consisting of 97 wells in place and a recovery system

consisting of 30 wells, each about fifty feet deep. The recovery system was extracting

approximately 700 CFM of gas for sale to a local corporation. This information is

presented in that this site is roughly comparable to the Combe Fill South Site.



An assessment of this operating data is presented in the following table:

Approximate Gas Extraction

Location Rate per Acre of Landfill Area
Azusa, CA 9.5 CFM/Acre
Wilmington, CA 22.4 CFM/Acre
Monterey Park, CA 36.7 CFM/Acre
Los Angeles, CA 55.5 CFM/Acre
City Industry, CA 3.3 CFM/Acre
Mountain View, CA 23.3 CFM/Acre
Cinnaminson, NJ 2.8 CFM/Acre

This analysis shows that the gas production rate can range from 2.8
CFM/Acre to 55.5 CFM/Acre with an average value of approximately 22 CFM/A-
cre. When these values are multiplied by the area of the Combe Fill South,
approximately 65 acres, the predicted extraction rages range from 182 CFM to 3608
CFM with an average value of 1430 CFM. The lower end of thisrange is that
predicted by _e_xperience at the Cinnaminson landfill which is also in New Jersey.
These values predicted by experience fall within the range of values predicted by
theoretical calculations.

Based on the theoretical calculations of gas generation rates, experience at
other sites and input provided by the NJDEP, an optimum design recovery rate of
2,000 CFM has been selected. It is greater than the recovery rates being used at five
of the seven sites for which data is reported, although it is less than the upper limits
of the theoretical rates calculated for half lives of 25 to 36 years. The system will be
capable of handling flows of up to 3,000 CFM, although at this extraction rate the
exhausters will be operating at the upper limits of the pump curve.

As previously discussed, the theoretical rates were calculated assuming that

all of the refuse was composed of a moderately decomposable fraction while it is
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likely that only approximately 60% has this composition. Assuming that this is the
case, the theoretical rate for a given year could be estimated more accurately by
taking 60% of the total calculated generation rate. This implies that for the longest
half-life used in these calculations, 36 years, the 1990 gas generation rate would be
approximately (.60)(5130) =3,078 CFM. A half life of 36 years represents an upper
bound on refractory organics which typically comprise only 4% of refuse placed. The
upper bound on the moderately decomposable fraction of 25 years corresponds to
a total generation rate of approximately 4,750 CFM. Sixty percent of this value
represents a likely theoretical rate of 2,850 CFM in 1990. As shown on Figure 3-1,
this gene.ration rate will decrease with time. Given the conservatism of the
theoretical calculations along with the operating data from existing sites, it is
appropriate to design for an optimum extraction rate of 2,000 CFM with the ability

to handle a generation rate of up to 3,000 CFM.

3.03 Gas Extraction Well Spacing

Gas well spacing is determined using a radius of influence approach. This
approach assumes that all gas within the radius of influence of a given well will be
drawn to and vented through the well.r Therefore, in order to capture all the gas
being generated in the area between two wells, the spacing between the wells should
be approximately twice the radius of influence for a single well.

In Methane Generation and Recovery from Landfills, Emcon presents the
equation for use in estimating the radius of influence of a single well. In its

transformed form, the equation is as follows:



s
KII Dr

Where:

Radius of influence (m)

R
C

Fractional methane concentration

k = A compilation of conversion factors, 1.157 x 10'8
(1/day)/(mL/sec)

Qw = Well flow rate (1/sec)

t = Refuse thickness (m)

D = In’-placé refuée density.

r = Methane production rate, mL/kg/day

As reported in the Handbook of Solid Waste Management, residential wastes
may have densities ranging from 89 to 750 Ib/cy while industrial wastes may have
densities ranging from 50 to 2430 Ib/cy (excluding heavy metal scrap). A representa-
tive Va]ue of 1,100 Ib/cy is taken as an average value for material deposited at
Combe. Both limits of the range, as well as the representative value of 1,100 lbs/cy
were used in this analysis.

The range of gas production rate has previously been presented as from 3.1
1/kg-yr to 37 1/kg-yr. Both limits of this range were utilized in this analysis.

This equation was utilized to evaluate data obtained during the gas extraction
testing conducted at the site from February 13 through February 16, 1989. Testing
was conducted on two wells, GT-1 and GT-2 installed by O’Brien & Gere in
November of 1988. The gas extraction testing was documented in a memo dated
February 23, 1989, which is included as Appendix 3-2 to this report.
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Well GT-1 was installed in 40 feet of refuse. During the extraction testing,
pumping rates varied from 30 to 38 éubic feet per minute, while methane con-
centrations ranged from 36% to 48%. Calculations were performed in a systematic
manner varying refuse density, methane production rate, flow rate and the fractional
methane concentration. A total of 24 calculations were performed for GT-1. The
results ranged between a low end of 29 feet to an upper bound of 1468 feet, with an
arithmetic average of approximately 264 feét. A radius of influence was also

calculated for GT-1 using the following average conditions:

= 40 ft

Qw = 44 CFM

C =042

D = 1100 Ib/cy

r = 20.05 1/kg-yr

K = 1.157 x 100 (1/day)/(ml/kg/day)

The value of the radius of influence for these conditions was calculated to be
approximately 77 feet.

Well GT-2 was installed in 25 feet of refuse. During extraction testing,
pumping rates ranged from 37 to 58 CFM while methane concentrations varied from
37% to 51%. A set of calculations similar to that performed on GT-1 was performed
for GT-2. The calculated results for the radius of influence ranged from a low of 41
feet to a high of 1468 feet with an arithmetic average of approximately 356 feet. A
radius of influence for GT-2 was calculated using the following average conditions:

t = 25 feet

Qw = 47.5 CFM



0.44

C
D = 1100 Ib/cy

r = 20.05 1/kg/yr

K = 1.157 x 10°8 (1/day) (ml/sec)

The radius of influence for these cénditions was calculated to be 103 feet.
An alternate method presented in Methane Generation and Recovery from

Landfills was also utilized to estimate the radius of influence. It is a simple mass

balance equation which, in its transformed form, is as follows:

| R=_0 + r
tDFg
Where:
Q = Magnitude of gas flow across an imaginary cylindrical surface

Radius of influence

r = Radius of the imaginary cylindrical surface

t = Refuse thickness

D = Refuse density

Fg = Gas production rate per unit mass of refuse

The flow rate was taken as 30 CFM, the lowest flow rate utilized during the
extraction testing. The radius of the imaginary cylindrical surface was taken as six
| inches, the radius of the installed well and gravel pack. Refuse thicknesses of 25, 40
and 80 feet were evaluated to model thicknesses encountered in wells GT-2, GT-1
and D-6 respectively. As in the previously described calculations, densities of 50,

1,100, and 2,430 pounds per cubic yard were evaluated. Gas production rates of 3.1

1/kg-yr and 37 1/kg-yr were evaluated. These were determined as previously
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discussed. The values calculated using this method ranged from 34 feet to 1692 feet
with the eighteen calculated values ha\}ing an average of 422 feet. For the average
conditions of a thickness of 40 feet a density of 1100 pcy, calculated values of the ra-
dius of influence were 72 feet and 250 feet associated with gas generation rates of
37 1/kg-yr and 3.1 1/kg-yr respectively. A copy of all calculations of radii of influence
are included as Appendix 3-3 to this report.

Radii of influence from 50 feet bto approximately 250 feet are presented in the
literature. These values are within the range calculated under the various scenarios
for the Combe Site. The values presented in the literature are often for active sites
on which no cover has been placed. It would be reasonable to .expecf that on a
capped site, such as will be the case at Combe, these radii might be even greater due
to the minimizétion of air intrusion.

Utilizing the ranges of calculated radii of influence and experience at similar
sites well spacinés to be utilized at Combe were determined. The well spacings will
be two times the calculated radius of influence. The selected radius of influence for
this site is 150 feet. Therefore, wells on the interior of the landfill will be spaced 300
feet apart. However, in order to provide an added degree of protection against off-

site gas migration, wells on the perimeter of the site will be spaced 200 feet apart.

3.04 Gas Extraction System Design

The active gas extraction system is to consist of a total of 66 wells each
connected to one of five headers. Each header services from 11 to 14 extraction

wells in one of five sections of the landfill, with the headers being manifolded to
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' ‘ exhausters located in the exhauster building. Treatment of the extracted gas will be

provided by enclosed flame.

3.04.01 Gas Extraction Wells

A total of 66 extraction wells will be installed utilizing well spacing as
presented in Section 3.02. Thirty six perimeter wells will be installed on 200
foot centers no closer than 50 feet to the edge of refuse. The offset from the
edge of refuse will minimize the infiltration of atmospheric gases. Each
perimeter well will be installed to the top of the ground water table. This will
serve as a positive seal against offsite migration of landfill gas.

Thirty wells will be insta»lled on the interior of the landfill. Each of

‘ these wells will be installed to two-thirds the total depth of refuse or to the
top of the ground water table, whichever is shallower.

Gas extraction wells will be installed in a minimum 24 inch diameter
borehole drilled utilizing methods which will not smear or seal the borehole.
The lower and upper portion of the well screen will be 4 inches diameter
schedule 40 PVC pipe and the middle portion of the well screen will be 6 inch
diameter schedule 40 PVC. The well casing will be 4 inch diameter Schedule
40 PVC. The 4 inch and 6 inch diameter portions of the well screen will be
connected utilizing telescoping joints which will be capable of accommodating
more than four feet of landfill settlement. The annular space between the |
well and the walls of the borehole will be filled with a gravel pack. This will

‘ : serve to expand the effective radius of the well while minimizing the amount
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of material from the landfill drawn into the well. Well details are shown in
Figure 3-2.

Gas extraction wells will be installed prior to installation of the soil
barrier layer of the cover. This will permit refuse removed from the borehole
to be disposed of on site, will provide passive venting during installation of the
soil barrier layer and the flexible membrane portion of the cover, and Will
allow the soil barrier layer to be covered relatively soon after installation, thus

| minimizing desiccation. When the cap is placed, a seal will be made between

the two foot soil barrier layer and the well casing utilizing bentonite. In
portions of landfill where wells penetrate the LDPE liner, the liner Will be
formed into a boot and sealed to the well casing utilizing a band ciarnp.

Each well will have a butterfly valve in order that the well may be
balanced for its optimum extraction rate and, if necessary, isolated for repairs
and maintenance. As discussed in Section 3.04.02, the extraction wells will be
connected to either below ground or above ground header pipe, depending.on
their location in the landfill. Gas extraction wells connected to below ground
piping will be plugged at grade with four inch diameter threaded cap. Each
cap will have a 1/4 inch plug fitting to be utilized in measuring negative
pressures at the well head. A four inch butterfly valve with a 1/4 inch plug
fitting on each side of the valve for measuring negative pressure will be
connected to the extraction well in the one foot cap drainage layer. The well
header pipe will connect to the main gas header uéing a tee coupling. A short

length of flexible hose will be utilized to minimize the stress between the well
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casing and the header pipe due to settlement. A fiberglass marker will be in-
stalled next to each well to facilitate its location.

The portion of gas extraction wells to be connected to above ground
piping extending above grade will be four inch diameter, schedule 40 PVC.

The above ground portion of the well casing will have a tee fitting with
a four inch threaded PVC cap. A four inch butterfly valve will be connected
to the tee fitting. A % inch plug fitting will be provided for measurement of
negative pressure at the well head on both sides of the four inch butterfly
valve. The butterﬂy valve will have a removable or locking actuator handle to
prevent unauthorized use of the valve which could disturb the balance of the
extraction system. A short length of flexible four inch diameter hose will
connect the valve to the header system. This will minimize stress on the

header system due to settlement and minimize stress on the well system due

to expansion and contraction of the header pipe.

3.04.02 Gas Extraction Piping

Design considerations associated with the gas extraction header include
the following:
- Accommodation of settlement to minimize breakage or plugging of the
gas header;
- Appropriate sizing to minimize friction losses;
- Ease of operation and maintenance;
- Minimization of vandalism;

- Collection of condensate;
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- Cost effectiveness.

As discussed in Section 2.03.03 although the major portion of landfill
settlement will have likely occurred prior to closure, a certain amount of
continuing settlement may be anticipated due to the additional weight of the
cap, consolidation under load, sporadic movement of fine material into voids
in the fill and chemical and biological decomposition. Experience at other
landfills has demonstrated that gas collection piping installed below grade on
flatter portions of the site may be susceptible to damage from settling. The
damage may range from plugging due to the collection of condensate in dips
in the collection piping to breaking of the collection piping. At a closed
landfill, such as Combe Fill South, repair of the collection piping may require
excavation through the low permeability cover, possibly compromising its
integrity. Therefore, the gas extraction header piping at Combe Fill South is
designed to accommodate continuing settlement utilizing a combination of
below ground and above ground piping.

Below ground piping will be utilized in areas of the landfill with
completed slopes greater than 10%. At this grade sufficient sl.ope is provided
to accommodate settlement and still promote flow of condensate. Areas of
the landfill with grades in excess of 10% also represent areas nearer the
perimeter of the fill where refuse thickness is less than at the center and
hence will be subject to less settlement.

Materials considered for use in the underground piping included high
density polyethylene (HDPE), fiberglass, steel, and PVC. PVC was selected
since it is chemically compatible with known chemicals jn the landfill in dilute
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considerations, has a wider selection of fittings and coupling than HDPE and
is more economical than steel or fiberglass. PVC has been used widely in the
construction of landfill gas extraction systems.

Below ground piping will be installed in the one foot drainage layer.
A structural analysis of buried PVC gas piping is included as Appendix 3-4.
In order to protect buried gas piping during construction, a temporary berm
will be placed to a minimum thickness of 12 inches over the piping.
Installation of the pipe at this depth, coupled with the temperature of the
landfill gas being extracted (typically between 50 and 70 degrees Fahrenheit)
will be sufficient to prevent freezing of condenéate. In addition, installation
of the pipe in the drainage layer will prelude damage to the synthetic liner
and soil barrier layer should the pipe require' excavation for repair. All
underground piping will have a trace wire to facilitate its location.

At slopes of less than 10% epoxy reinforced fiberglass piping will be
installed above ground. The area of above ground piping will be concurrent
with the area covered by the LDPE geomembréne.

Epoxy reinforced fiberglass piping was selécted in lieu of PVC, HDPE
and steel. Fiberglass piping has a lower coefficient of expansion than PVC
or HDPE and requires fewer pipe supports. It was chosen over coated steel
piping because it is more economical, does not present probiems associated
with corrosion, and is easily repaired if damaged by vandalism. Epoxy
reinforced fiberglass piping can undergo changes in appearance when exposed
to sunlight. This is a surface phenomenon caused by ultraviolet degradation

of the resin. The rate of appearance change depends on the time of exposure
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and the intensity of the sunlight. If surface resin is severely degraded, glass
fibers on the surface of the outer diameter will be exposed. Further
degradation is prevented by the ability of the glass to absorb ultraviolet light
and prevent damage to the remainder of the pipe wall. If surface degradation
occurs, it will have little effect on performance of the piping system. Fiber-
glass piping does require more pipe supports than steel piping as well as
having a greater coefficient of expansion.

Coefficients of expansion for the pipe materials considered are as

follows:

Coefficient of Expansion and Contraction

‘Pipe Materials (Inches/100 Feet of Pipe/120°F Temperature Changé)

HDPE ' 17.5

PVC 6.5
Fiberglass , 1.26 to 1.95

Steel 0.3t0 0.8

While the coefﬁciénf of expansion of fiberglass piping is greater than

| the steel piping, it is significantly less than HDPE and PVC piping.

Expansion loops will be installed in the pipe proportional to the length of

pipe run. Concrete anchors will be installed at both ends of the pipe run

where the transition between above ground and below ground piping is made
and at the landfill crest.

The above ground fiberglass piping will require pipe supports .ap-
proximately every 17 to 23 feet, depending on the pipe diameter. This is
contrasted to a spacing of approximately from 6 to 12 feet for HDPE, 6 to 14
feet for PVC and 19 to 31 feet for steel. The pipes will be supported on

adjustable supports constructed of pressure treated wood. The supports are
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adjustable so that the pipe may be raised or lowered to accommodate landfill
settlement so that drainage of condensate will be maintained. Piping will be
kept a minimum of 18 inches above grade to allow access for mowing. |

The gas collection system header pipes vary from four inches to 8
inches in diameter in two inch increments. Smaller diameter pipe is used at
the end of the header furthest from the exhauster, and increases as more wells
discharge to the header. The size of the header in a given area was
determined to minimize head losses associated with pipe friction. Piping sizes
were determined utilizing the‘maximum anticipated pumping rate per well of
50 CFM, and a friction loss of between less than 0.01 and 0.03 PSI per 100
feet of pipe depending on pipe diameter and the number of wells discharging
to that portion of the header. Gas extraction system pressure drop calcula-
tions are included as Appendix 3-5. Piping has been sized so that there will
be less than eight inches of water column lost between the two most widely
separated wells on a given header. This minimal amount of friction loss will
permit the system to be balanced so that the two most widely separated wélls
on a given header can have the same vacuum.

Valve boxes will be installed at major branches in the header sysfem.
This will aid in balancing sections of the header system and will allow a
section of the system to be shut down for repairs without the need of shutting
down the entire system. These will also provide access to facilitate cleaning
of the header system should it become necessary. Test ports will be provided

on each side of the valve to facilitate balancing of the system.
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3.04.03 Gas Extraction Exhausters

Exhausters for use with the gas extraction system must be capable of
providing a suitable vacuum at each well while accommodating friction losses
in the piping and providing flexibility in operation and maintenance.

As previously presented, each header will cause friction losses of less
than eight inches of water. The total negativ§: pressure required for each
header and well system will be on the order of 15 inches of water column at
thé exhauster. The elevation of the exhausters will be at approximately 840
feet above sea level.

In addition to meeting the-above technical criteria, the selected system
of exhausters must provide for reliability and flexibility ih operation and
maintén‘ance. One exhauster may not provide the flexibility needed to match
the exhauster system to the actual gas production rate. Multiple exhausters,
although more expensive, provide the flexibility to cover a wide range of gas
production. Three exhausters will be manifolded together with a fourth
exhauster for standby. The three exhausters are sized for a maximum
extraction rate of 3000 CFM and an expected rate of approximately 2000
CFM. If the rate of gas production varies over the landfill due to the age of
refuse, refuse thickness, or other reasons the exhausters may be adjusted. In
the event that gas production drastically decreases, it may be possible to
operate two or even one exhauster for the entire system. If there should be
a blockage br break in one of the headers, the remaining gas extraction

system could compensate for some of the loss in extraction capacity.
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Centrifugal exhausters were chosen in lieu of positive displacement
exhausters. Centrifugal exhausters allow the flow rate to be varied by
throttling, maintain their efficiency as parts wear, are usually direct driven
rather than belt driven, and are easier to maintain. A total of four identical
exhausters will be provided; three operating exhausters and a fourth, spare
exhauster.

Each exhauster is sized to handle from 300 to 1000 CFM of landfill
gas. Excess pumping capacity will be available. Each exhauster will be
powered by a 230/460 volt, 15 horsepower explosion proof electric motor.
The exhauster impeller and other operating parts will be coated with a
phenolic coating to minimize corrosion.

Piping on the inlet side of the exhausters will be manifolded to permit
ease in utilization of the spare exhauster or the operation of multiple headers
on a single exhauster. Piping on the outlet Side will also be manifolded to
permit flexibility in discharge to the selected gas treatment system. Butterfly
valves with valvg stops will be utilized for throttling and isolating sections of
the piping. Fittings will be included to allow monitoring of gas volume, pres-

sure and gas composition.

3.04.04 Condensate Collection

As warm landfill gas cools upon extraction water vapor contained in
the gas condenses to form a liquid. Although regulatory requirements are
somewhat unclear, condensate has often been considered as a hazardous

waste. As such, it may not be returned to the landfill.
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A literature review indicates that landfill gas may hold between 400
and 1,600 gallons of condensate per 1,000,000 cubic feet of extracted gas. In
a paper title "Landfill Gas Condensate and Its Disposal”, Ronald J. Lofy
indicates that a conservative design number is 1,400 gallons of condensate per
million cubic feet of gas extracted. Utilizing this value it can be seen that, at
the design extraction rate of 2,000 CFM, approximately 4,000 gallons per day
of condensate will be generated.

The gas extraction system has been designed so that condensate may
be collected and discharged to the ground water treatment system. All lateral
piping from the extraction wells to the headers will be sloped toward the
header so that condensate will not drain back to the well. The laterals will
empty into thé top of the extraction headers. All extraction headers will slope
at a minimum of 0.5% toward a condensate collection manhole or vault from
which it will be drained by gravity. At the lowest point of the extraction
header at the center of the condensate collection manhole or vault, a one inch
diameter PVC pipe "J" tube will automatically drain the header pipe while
having a sufficient length (20" minimum) to prevent outside air from being
drawn into the gas extraction system. The "J" tube will be equipped with a
one inch ball valve and a union to facilitate cleaning should it become
plugged.

Condensate will drain from the collection manhole or vault via gravity
to one of two pump stations. When there is.a length of condensate drain line
in excess of 400 feet between a condensate collection manhole and a pump

station, access cleanouts will be placed to reduce the minimum length of
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-condensate drain line to 400 feet or less in order to facilitate cleaning of the

condensate drain line.

The first pump station will receive condensate produced by gas

extraction from 20 gas extraction wells. It is estimated that this may represent

a quantity of approximately 1,200 gallons per day. The second condensate

pump station will receive condensate produced by gas extraction from the

remaining 46 wells, a quantity estimated to be 2,800 gallons per day. The

condensate pump stations will consist of a concrete manhole with a capacity

of 500 gallons.

Condensate pumps are sized as follows:

Pump Station Number 1

Static Head 37 feet

Total Head 69 feet
Gallons/Minute 67

Motor 3 BPH, 230 volt, 60 Hz,

3 phase, 3480 RPM

Pump Station Number 2
67 feet

87 feet

88

5 BPH, 230 volt, 60 Hz,
3 phase, 3480 RPM

Each pump station will consist of duplex submersible pumps with guide rails.

Controls will consist of high level alarm, lag pump on, lead pump on, pump off,

redundant pump off with low level alarm, and pump alternating switch. The pumps,

piping, guide rails, and miscellaneous fittings will be constructed of 316 stainless

steel. Condensate collected in the pump stations will be pumped through a valve box

to a three inch HDPE force main which will discharge to the ground water treatment

system.

3-22



3.04.05 Gas Extraction Building

The gas extraction exhausters along with electrical controls, sediment
traps, condensate drip traps, ancillary piping, valves, and fittings will be
housed in the gas extraction building. This location places the extraction
building adjacent to the ground water treatment plant. Given the area
available for construction of these facilities, this arrangement provides for
efficient use of available land, placing the extraction building proxirﬁal to the
ground water treatment plant while still providing a separation of the two
processes. This will allow access for maintenance to both facilities without
having activities at one facility interfere with activities at the other.

The extraction building will be a pre-engineered, metal structure
designed with blow off panels, A separate, block room will house electrical
controls for the exhausters with the exception of the control panel for the
enclosed ﬁare, which will be mounted adjacent to the flare, outside the
building. The building will be continuously ventilated and will incorporate a
methane déte.ction and alarm system.

Acc()r-ding to the New Jersey Uniform Building Code, which references
the BOCA National Building Code, this structure will be classified as "Use
Group "H" - High Hazard" (Section 306.1 of BOCA). Both BOCA and the
New Jersey Uniform Building Code (Section 1002.7) require that buildings
classified in Use Group "H" include a fire suppressién system. Recognizing
that there will be \‘nothing flammable in the building, electrical equipment will
be explosion proof, and that the building will be continuously ventilated and

will have a methane detection and alarm system, a New Jersey official
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responsible for enforcing the code was contacted to determine the applicabili-
ty of the suppress.ion requirements to this structure. This official indicated
that although a variance from the requirement from a suppression system can
be sought, he had not seen such a variance granted during this} 13 years of
experience. In light of the code requirements and the information supplied
by the code official, a sprinkler system has been incorporated into the design
of the building. Interlocks will shut off the blowers if the sprinkler system is
activated.

Prior to entering the exhauster building, buried gas extraction header
pipes will be brought above ground utilizing a tranéition manhole. This
transition will prevent the possibility of gas migrating along the pipeline and
entering the building at the point of entry of the gas headers.

Condensate collection and transmission to_ a condensate collection
manhole is accomplished by two methods inside the exhauster building. On
the inlet (vacuum) side of each exhauster there will be a manual sedi-
ment/condensate trap which will remove the majority of condensate. The
traps will each discharge by gravity to a condensate drain. The condensate
drains will be manifolded together and condensate will flow by gravity through
a four inch PVC pipe to the condensate collection manhole located east of the
power line right of way. On the discharge side of the exhausters, condensate

will be collected by automatic drip traps and discharged to the four inch PVC
condensate drain preﬁously described.

An eight foot high chain link fence topped with one foot of barbed
wire, for a total height of eight feet, will surround the entire exhauster
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building, the pipe transition manhole and the enclosed flare described in
Section 3.05. Two twelve foot wide gates will allow vehicular access for
servicing the exhauster building and the equipment within the fenced area.
Construction Material - Condensate Compatibility

In the collection process of the landfill gas, condensate is generated as
a result of temperature differences between the landfill gas and ambient air.
The vapors in the landfill gas condense and form a two-phase condensate; an
aqueous phase and an organic phase. The organic phase generally consists of
0.5-5% of the total liquid. The organic phase typically contains the following
chemical compounds: hydrocarbons, xylenes, chloroethanes, chloroethenes,
benzene, toluene, other priority pollutants, and traces of moisture. Estimated

landfill gas condensate characteristics may include:

Parameter Value
BODS 10,000 mg/1
COD - 20,000 mg/1
TOC 10,000 mg/

TSS LT 25 mg/]
Total Metals LT 0.25 mg/1
VOC 10 mg/1

Total Phenolics 10 mg/1

LT = Less Than
As shown in the above table, the condensate contains very small quantities of
these chemical compounds.
The design currently calls for the following materials to be in cdntact
with the condensate:

- Polyvinyl Chloride (PVC) Pipe
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'- Epoxy Resin Fiberglass Reinforced Pipe

- Epoxy Coated Steel Pipe

- 316 Stainless Steel Butterfly Valves

- Phenolic Coated Exhausters

- Concrete Condensate Collection Manholes

- 316 Stainless Steel Submersible Pumps

- HDPE Force Main

These materials in the landfill gas collection system were selected
based on their use in similar applications and their reported resistance to

chemicals likely to be in the condensate.

3.05 Gas Treatment System

In order to select an appropriate gas treatment system, gas samples were
collected from the Combe Fill South Superfund Site from February 13-16, 1989. This
sampling effort is-documented in the memo included as Appendix 3-2 to this report.
This section presents the results of the analyses of the gas sample and a proposed gas

treatment system. A discussion of the likelihood of energy recovery is also presented.

3.05.01 Gas Composition

Scott Environmental Technology, Inc., acting as a subcontractor to
O’Brien & Gere Engineers, Inc., collected gas samples at the Combe South
Landfill on February 15, and 16, 1989. Samples were analyzed for the
following parameters:

Methane (CH 4)
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Carbon Dioxide (COZ)

Oxygen (0,)

Nitrogen (NZ)

Carbon Monoxide (CO) |

Total Mercaptans/HZS (HZS)

Total Volatile Chlorinated Organics (TVCI)

Volatile Organics Analysis (COA)

Higher Heating Valve (HHV)

Sampling results as reported by Scott are included as Table 3-1. The

following table contrasts the average results obtained at Combe with typical

valves reported in the literature.

Combe Fill South Typical Landfill Gas

CH, 47.5% 40 - 70%
N, 34.0% 2-10%
CO, 12.6% - 30-70%
0, 5.6% 1-5%
CO LT 1.0% - 0-1%
H,S 0.0003% (3.4 ppm) 0.05 - 0.1%
TVCI 0.004% (25.36 ppm) 0.005 - 0.05%
HHV 477 350 - 500
Note: - st is total mercaptans and hydrogen sulfide, reported as

HZS-

- TVC(l is total volatile chlorinated organics, reported as
methylene chloride.
- HHYV is higher heating value, BTU/scf (m_edium energy gas = 400-600

BTU/scf, high energy gas = 950-1000 BTU/scf)
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The percent methane (CH,) in the landfill gas is relatively high,
showing promise for recovery and reuse. Generally, methane concentrations
greater than 35% are attractive for energy recovery as discussed in Section
3.05.03.

The range of N2 concentrations suggest that some atmospheric gas may
have entered the well due to short circuiting, as expected for an uncapped
landfill. Thé first two samples for well GT-1, GT 1-1 and GT 1-2, were
withdrawn from the well without the blower operating. These samples
contained 8% N, which is within the expected range. All other samples were
withdrawn from the wells with the blower operatihg. Short circuiting could
have occurred due to the absence of low permeability cover material. The
effect of limited short circuiting would be to dilute characteristic landfill gas
components with nitrogen. Oxygen would be readily absorbed in the soil
matrix, reducing the oxygen to nitrogen ratio. The results in Table 3-1 show
typical concentrations of gas components for open landfills. Short circuiting
would not occur after placement of the low permeability landfill cap.

The CO2 levels appear to be low. Most anaerobic digestion processes
in a landfill tend to generate equal to slightly less amounts of CO2 as
compared to CH,. An average ratio of 5.4 CH, / CO, is higher than expected.
Short circuiting of air into the well is one explanation for low CO, levels.
However, low CO2 concentrations are advantageous for methane recovery
optioné. |

. The amounts of O, in the gas was slightly increased due to entering

air. The O2 concentration is expected to decrease to less than 2% after the
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TABLE 3-1
‘ LANDFILL GAS ANALYTICAL DATA

COMBE FILL SOUTH LANDFILL
MORRIS COUNTY, NEW JERSEY

Sample ID % CH4 %02 % N2 % CO2 2% CO ppm H2S  ppm TVC1 HHV
GT 11 66.7 20 8.0 200 <10 149 - 41.37 689
GT 1-2 68.7 20 8.0 - 213 <10 15.9 44.76 687
GT 1-3 48.7 34 272 212 <10 | 231 18.22 484
GT 1-4 50.0 32 289 1779 <1.0 3.26 36.60 500
GT 1-5 468 - 49 340 143 <10 1.74 21.12 468
GT 1-6 » 45.0 4.6 325 17.9 <10 230 1899 450
AVERAGE 543 34 23.1 18.8 <10 6.77 30.19 546
GT 2-1 46.7 6.9 39.2 7.2 <1.0 ND 27.52 467
GT 23 40.1 6.9 434 96 <10 ND 19.05 401
‘}T 2-4 40.1 6.9 434 9.6 <10 ND 18.07 401
GT 2-5 \ 383 92 494 31 <10 ND 16.98 383
GT 2-6 383 9.2 494 31 <10 ND 211 383
AVERAGE 40.7 7.8 450 6.5 <10 ND 20.53 407
OVERALL AVERAGE 475 5.6 340 12.6 <10 34 2536 477
Notes:
1. TVC1 is total volatile chlorinated organics, ppmv, expressed as methylene chloride.
2. HHYV (higher heating value) of the gas is based on methane content, BTU /scf.
3. PPM H2S is a total mercaptans and hydrogen sulfide, expressed as PPM H2S.
4. ND indicates Not Detected.
5. Average gas temperature = 70 degrees Fahrenheit.
6. Samples collected 2/15/89 to 2/16/89 from gas extraction test wells GT-1 and GT-2.



landfill is capped. Carbon Monoxide (CO) was not detected at a detection
limit of 1%. This is consistent with typical landfill gases.

Reduced sulfur compounds (HZS) were detected at an average concen-
tration of 4 ppmv. This is lower than most landfill gases, but could require
pretreatment prior to use of the gas. In addition, HZS is corrosive and could
attack construction materials, but at the observed HZS levels exotic materials
of construction are not warrantéd. The total sulfur load from the landfill gas
is low and may not require the installation of acid gas treatment systems for
odor or air pollution control. |

Total volatile chlorinated organics, measured as methylene chloride, av-
eraged 25 ppmv. This value indicates that chlorinated compounds are being
exhausted with the landfill ~gas. The results of the.GT(i/MS scans of the
sampled landfill gas indicate that vinyl chloride is the significant chlorinated
organic present. Analyses detected vinyl chloride in wells GT-1 and GT-2 at -
an average concentration of 1.0 and 1.5 ppmv, respectively. The overall
average concentration of vinyl chloride was 1.3 ppmv. Methylene chloride was
detected twice at an average of 3 ppmv, however, these inconsistent data
could be considered trace laboratory contamination. The discrepancy of 1.3
ppmv vinyl chloride versus 25 ppmv TVC1 could be due to method accuracy
and interferences by trace compounds.

Treatment for volatile chlorinated organics does not seem warranted
due to the low levels observed. Direct discharge could be possible, however

a treatment system such as flaring should destroy a sufficient quantity of vinyl
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chloride. An acid gas treatment system is not justified based on the sampling
data presented.

Trace compounds in typical landfill gas include paraffin hydrocarbons,
aromatic and cyclic hydrocarbons, hydrogen, and others. Treatment or
disposal options such as flaring are usually sufficient to adequately treat these
trace constituents.

The gas higher heating value is a measure of the energy of the gas for
fuel. Natural gas (CH, and H2) HHV is 950 - 1100 BTU/scf. Since typical
landfill gas averages 475 BTU/scf, the gas sampled appears average.
However, if the zissumption that air was diluting the samples, the apparent
HHYV is low, and the estimated value will increase. Any increase in the heat

_ content would make energy recovery an attractive option for this landfill gas.

3.05.02 Gas Treatment

Due to the presence of odorous compounds and the BTU content of
the landfill gas being generated‘at Combe Fill South, some form of treatment
prior to discharge of the gas will be required. During preliminary design, it
was proposed that an open flare be ﬁsed to treat the waste gas in order to
destroy combustibles and contaminants. Upon review of the preliminary
design, the NJDEP specified that an enclosed system be utilized in lieu of an
open flare. A memorandum dated August 10,1989 from the New Jersey
Department of Environmental Quality to the Bureau of Site Management

contained this recommendation. The memorandum contained a policy
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statement presenting the requirements necessary for an enclosed flare system.

These include the following:

i. 95% minimum NMHC reduction efficiéncy, 1 hour average

ii. 100 ppm CO at 7% O2

ili.  Auto relighting, and auto shut off of flow of gas to the flare when
combustion ceases and cannot be restarted with auto relighﬁng

iv. Combustion-air damper syétem that acts to maintain stack temperature

V. Auxiliary fuel to maintain temperature is required if enclosed flares do
not demonstrate acceptable VOS and/or CO emissions, or if there is
insufficient methane to sustain combustion.

Enclosed gas flare systems were evaluated relative to their ability to
meet the above criteria.

An enclosed gas flare, or thermal oxidizer, would have a series of
burners arranged within an enclosure comprised of steel panels. The burners
can be staged, when required, for larger flow ranges or unstaged for
operational simplicity. The enclosure would consist a combustion chamber
which provides heat and retention time to destroy gaseous waste materials.
Pilots, requiring supplemental fuel (approximately 40 cf/hr), are located'
within the chambers in order to ensure that the burners are lit whenever
required. The pilot status can be monitored using thermocouples or optical
sensors and ignition of the pilots is achieved by either a manual of automatic
flare control panel. Appropriate control circuitry alters the rate of
supplementary fuel entering the furnace to maintain the desired combustion

chamber temperature. Although it is not believed that supplementary fuel is
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required for system operation at this time, the system is designed. for future
addition of supplementary fuel if necessary. The enclosed gas flares are used
for two primary reasons; to hide all or part of the flame, and to meet air
emission limits.

Aﬁ enclosed flare can also be configured as a thermal oxidizer. In this
configuration, chambers provided with supplemental fuel burners, which
provide heat and retention time to destroy gaseous waste materials. A
thermocouple in the combustion chamber measures temperature. These
enclosed flares are applicable for most gaseous waste and are used for odor
control, toxicity elimination and visible emissions control.

Information on landfill gas quality and NJDEQ requirements was
supplied to vendors of enclosed flares in both configurations. This included
both the information specific to Combe Fill South and the typical landfill gas
characteristics presented in the table in Section 3.05.01. Based on this
information, the vendors indicated that a typical enclosed flare would include
the following components:

- Vertical cylindrical steel shell

- Modular ceramic fiber lining

- Gas burner system with flame arrestor(s) at inlet

- Automatic louvered air dampers

- Natural gas pilot with electric ignitor

- U. V. flame monitor

- Auxiliary fuel gas control train

- Local control panel
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The combustion chamber would have a sensing element and tempera-
ture controller. The temperature is maintained by the output of the controller
-being split ranged. Primary control is provided by air dampers and secondary
control is provided by the addition of auxiliary fuel. The pilot(s) are equipped
with automatic ignition and re-ignition and the control panel has dry contacts
for initiation of blower shutdown.

An enclosed flare with these components would have a minimum 95
percent combustion efficiency. At full load, carbon monoxide levels will be a
maximum of 100 ppm emission levels at 7% oxygen. The vendor supplied the

following information:

Process Specifications:

Design Gas Flow Rate - Up to 3,000 SCFM
Fume Temperature - -30to 120 F ‘
Waste Gas Pressure - ’ 1 PSIG
Combustion Temperature - 1500 F

Minimum Residence Time - 1 second

Mechanical Specifications:

Overall - 30"OD x 20’ of length

Stack Dimensions - 8"OD x 35’ of height

Combustion Chamber and Stack

Wall - Carbon steel

Refractory Lining - Ceramic blanket with rigidizer
coating

Inlet/Outlet Connections - ‘Carbon steel ring flanged

Surface Finish - Commercial sandblasting with one -
coat of inorganic primer

Approximate Weight - 5000 Ibs

This system would include all necessary instrumentation and controls
for safe operation and the system is designed for unattended operation.

Interlocks are listed below:
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- Flame Failure

- Low Combustion Air Pressure

- High Temperature

- Low Temperature

A local explosion proof control panel would be included for burner
management. The control panel and piping for controls would be preassem-
bled and mounted on the mounting skid. Controls would be designed to meet
explosion proof requirements.

The estimated price for this system is approximately $75,000. This
- price includes the following items:
- Combustion Chamber
- Burner
- Pilot and Ignitor
- Controls and Accessories
- Control Panel plus Piping Trains (Skid Mounted)
- Documentation for Installation, Operation and Maintenance
The estimated price does not include the following items:
- Foundations
- Installation of the System
- Interconnecting Piping
- Any Taxes

- Freight Costs
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The design parameters of the enclosed flare meet the air pollution
control regulations for landfills as outlined in the New Jersey Department of

Environmental Protection memorandum.

3.05.03 Alternate Uses of Extracted Landfill Gas

Available options for the use of landfill gas extracted from the Combe
Fill South Landfill include the following: |
- Direct sale of gas to a customer;
- On-site generation of electric power;
- Injection of recovered landfill gas into an existing natural gas
pipeline;

- Conversion of thelandfill gas to other chemical forms;

Each option varies in the amount of effort required to produce the end
product and in capital cost. In evaluating potential uses, the preferred use
will be dictated by site characteristics, utility needs, specific market needs,

regulatory constraints, and economics.

Direct sale of gas to a customer:

Prior to selling medium BTU gas off-site to industrial customers, some
on-site gas processing would be required. At a minifnum the pretreatment
processing of the gas would consist of the removal bf water vapor, sulfides
and organic sulfur, chlorinated compounds, trace contaminants, and possible

compression of the gas to elevate the pressure. A compression process may
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be needed to provide additional pressure head to move the gas to its use

point.

On-Site Generation of electric power:

Electricity can be generated on-site using one of the following three
methods; a steam Aturbine, a gas turbine, or a gas engine. The steam turbine
requires the generation of steam to operate. A boiler would be used to
generate the steam to operate the steam turbine. A compressor may be
needed to boost the pressure head to the level necessary to operate the boiler.
The steam turbine in turn would generate electricity. A use for the steam
must be present before this system is considered to be economical. However,
a market for steamvd_oes not appear to be present at this site.

The gas turbine requires-the removal of visible moisture and any
particulates from the gas along with compression before the gas can move
through the gas turbine combustion chambér. The compressor stage is
required before the turbine since the injection pressure is in the range of 10
to 20 bars. One significant disadvantage of this system is that the system
efficiency is very low because of heat loss. The efficiency can be improved if
the heat loss from the combustion is captured for heat use such as steam
production.

The internal combustion engine requires, at a minimum, the conden-
sate and particulates are removed. The gas is first injected under pressure
into an internal combustion engine whose calibration is modified to deliver

the proper percent of air to initiate combustion. A compressor may be
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needed to boost the pressure to the appropriate pressure head before the gas
is transmitted to the engine. The métor runs a generator to develop
electricity. If the thermal heat of combustion falls below the appropriate
limit, a dual fuel engine can be utilized, with natural gas, propane, or diesel
fuel being utilized as éupplementary fuels. The internal combustion engine
system has the following advantages over the gas turbine system: (1) lower
capital costs, (2) less compression before injection to the engine, and (3)
higher efficiency results because of thé decreased energy requirements for

compression.

Injection into an existing natural gas pipeline:

| Landfill gas can be upgraded to yield a variety of heating values by
many conventional processes, such as absorption, adsorption, membrane
separation, cryogenic processes, and other additional processes. The cost of
upgrading rises dramatically as the number of impurities are separated from
the methane. The end product can be essentially pure methane. The
particular upgrading system will depend on the needs of the end users. The
cost of upgrading the gas to pipeline quality gas is an expensive process, but
the end prbduct would be able to be used by gas transmission companies and
utilities and other natural gas users. The pipeline quality gas, however, can
produce the greatest price premium. The carbon dioxide may also be sold for
additional savings if it can be removed in a relatively pure state and a market

exists.
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Conversion to other chemical forms:

The landfill gas can be converted to other chemical forms, such as;
methanol, ammonia, or urea. The conversion to methanol is the most
economically feasible option of the three chemical processes. The water
vapor and carbon dioxide must be removed from the high methane content
gas prior to it being converted to methanol. The* gas must also be com-
pressed, reformed and catalytically converted. The conversion process tends
to be expensive and is not, therefore, economically feasible for this particular
application.

Regardless of the alternate use selected, some additional treatment of
the landfill gas would be required. As a minimum, water vapor would have
to be removed from the gas stream. The most common methods of removing
the water vapor from the extracted landfill gas are absorption, adsorption, and
condensation.

The most commonly used absorption methods are the glycol dehydra-
tion processes where diethylene glycol and trimethylene glycol are used for
glycols. The process unit absorbs water vapor continuously from the gas
stream by countercurrent contact with a highly concentrated glycol stream in
a packed or bubble tray column. The glycol solution can be regenerated by
using an inert gas stripper and applying heat or by means of vacuum
regeneration.

The adsorption method is designed to dry the gas by means of
contacting it with a solid desiccant. The water vapor is absorbed to the surface

of the solid desiccant by means of chemical bonds from a reaction through
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formation of loose hydrated compounds or means of physical force.
Desiccants commonly used are: silica gels and beads, alumina, activated
bauxite, and molecular sieves. The typical dehydration unit consists of two
vessels both filled with desiccant, the first unit is used for dehydrating while
the second unit is regenerating. Regeneration is performed by passing hot gas
through this second unit.

The condensation method is a mechanical process by which the water
vapor is removed from the gas stream by means of compression and/or
cooling. Condensation occurs when the saturated vapor comes in contact with
a surface whose temperature is below the saturation temperature. The
condensation process consists of the following components; first the gas is
compressed, cooled, and then the gas and the condensed water are sepélrated
in a knockout drum.

In the applications where high BTU gas is to be produced, the gas will
have to be upgraded by one of the following carbon dioxide removal
processes; absorption into a liquid, adsorption .on a solid, membrane
separation, cryogenic separation, or converting to ano'tﬁer chemical compound.

The absorption process involves the transfer of a substance from the
‘gaseous to the liquid phase through the phase boundafy. Absorbed materials
are either physically dissolved in the solvent or react with it in some manner.
The physical absorption process consists of dissolution.of carbon dioxide in
water or solvent. The solvent treatment method also has a degree of

A

hydrogen sulfide removal attained with it.

3-39



The adsorption processes involve the transfer of a substance in a gas
stream to the surface of a solid material. The following compounds can be
removed by adsorption processes; carbon dioxide, hydrogen sulfide, moisture,
and other impurities depending on the absorbent. The membrane separation
processes selectively transport various components through membrane.
Polymer membranes are used to selectively remove carbon dioxide, hydrogen
sulfide,. and water. The cryogenic processes involve separation of gaseous
mixtures by fractional condensation and distillation at low temperatures. The
disadvantages to this process are: complicated flow schemes, thermal
efficiency is low, and capital cost and utility requirements are high.

Existing data indicates that the outlook for energy recovery is
optimistic. It appears that there is a sufficient quantity of methane being‘
generated to warrant further investigation of this option. It is recommended
that the treatment system be installed as designed.  Subsequently, the proper
data base could be developed from a field testing program to evaluate the
various energy recovery systems. Once the actual system wés installed, the
following items would be recorded in the data base; extraction rate, methane
content, and higher heating value.

Generally, the most economical and profitable alternative is to sell the
medium BTU gas to industrial customers if there are no regulatory restraints
and/or pricing restrictions. The limiting economic factors are the following
items: volume of gas, the landfill location and proximity to customer, local
market price, gas use pressure requirements, and compatibility of use when

compared to pipeline gas. When a data base regarding the actual system has
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been established, a market study should be conducted to assess the potential
of selling the gas withdrawn from the Combe Fill South.

Given thé location of the site it is anticipated that the potential market
for selling the gas will be limited. It is therefore likely that the generation of
power for use on-site using one of the systems described above will be the
most feasible option for use of the landfill gas withdrawn from the Combe Fill

South.
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SECTION 4 - SHALLOW GROUND WATER RECOVERY SYSTEM

4.01 General

A remedial investigation of the Combe Fill South Landfill site was completed
by LMS Engineers in 1986 (Final Remedial Investigation Report: Remedial
Investigation/Feasibility Study, Combe Fill South Landfill, May 1986, Lawler,
Matusky & Skelly Engineers). As a result of this investigation, response actions
which included remediation of ground water at the site were deemed necessary. The
Record of Decision (September 1986) identified a shallow ground water recovery sys-
tem as one of the remedial design cpmponerits. To aid in the design of this system,
O’Brien & Gere Engineers installed four- test wells and eight observation wells at
select locations around the landfill. These wells were installed so four aquifer
performance tests could be conducted to determine the aquifer characteristics of the
unconsolidated materials. The addition of eight observation wells allowed an
evaluation of the hydraulic characteristics of the saprolite aquifer in different di-
rections and at various distances from the four pumping test wells.

’I;he objectives of designing this shallow ground water recovery system are to
collect as much shallow ground water as possible discharging from the landfill and
collect this water for on-site treatment, and therefore minimize contact of fill
material with ground water. In order to most effectively design a collection system,
data obtained from the sife were evaluated using several established methods. These
included using Darcy’s law for determining flow through a given area, Theis’
Nonequilibrium equation for determining the potential yield from a shallow recovery

well, and Todd’s equation to determine radius of inflow to a well. Based on the
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evaluation of the shallow aquifer data utilizing these methods, a ground water
recovery well system of nineteen wells has been designed to collect ground water in
the unconsolidated aquifer around the site. In the Spring of 1990, the NJDEP
installed two monitoring wells (S-7 and S-8), two exploratory borings (EB-1 and EB-
2), and seven test pits (TP-1 through TP-7) in the southeast area of the site. In
addition, OBG installed borings BB-1 through BB-7 in this area as part of the
geotechnical investigation for the proposed ground water treatment plant. Locations

of the NJDEP and OBG wells, borings, and test pits are shown on Figure 4-1.

4,02 Shallow Ground Water Collection Well Design

The Remedial Investigation identified three general groups of unconsolidated
materials which constitute the shallow aquifer at the site. The unconsolidated
aquifer consists of weathered bedrock material known as saprolite, soil and fill
material. The saprolite reportedly has a granitic parent material, and consists of silt,
sand, and weathered granite fragments. Soils at the site range from silt to sand, and
can generally be described as sandy silt. Thickest deposits of saprolite and soils are
seen in the north area of the site near bedrock wells D-1, D-2 and D-5. Based on
the Remedial Investigation Report (May 1986), the saprolite and soil deposits range
in thickness from 30 to 80 feet. Fill material at the site consists of domestic,
- municipal, commercial and industrial wastes. Fill material is thickest at the center
of the site, near D-6, and appears to thin radially from the center.

Aquifer performancé tests were conducted to determine aquifer characteristics
such as transmissivity (T) and hydraulic conductivity (K) of the shallow aquifer

system. These characteristics are related by the equation Kx b = T (where b =
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saturated thickness). Once transmissivity is determined, hydraulic conductivity can

. be calculated since the thickness of the aquifer is known from site test boring data.

4.02.01 Methods

Two approaches were used for the design of the shallow ground water
recovery system. The first approach involved the design of the ground water
recovery system given the existing ground water flow discharging from the site.
The basic goal of this approach was to design a system to prevent shallow
ground water from flowing off the site, and to remove and collect as much
water as possible from the landfill for- on-site- treatment. The second
approach involved an evaluation of the ground water recovery system with
respect to long term site ground water conditions. The goal of this approach

‘ was to evaluate the efficiency of the design given the possible significant
changes in site ground water flow as a result of the site remediation. In
addition, the effectiveness of the remedial design in isolating the fill material
from ground water was evaluated.

In order to evaluate the site conditions, available .ground water and .
bedrock elevation data were contoured. Iniﬁally, ground water elevation
maps were constructed from water level elevations taken on two occasions.
Ground water elevations from 8 August 1985 were measured by LMS
Engineers as part of the Remedial Investigation. Ground water elevations
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